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CHAPTER 1 f 


SECTION I 
INTRODHCTIOIS 

In this war 85% of the casualties have been caused by high explo¬ 
sive ammunition. This means that we are primarily engaged in destroying 
the enemy by the proper use of as much high explosive as it is possible 
to dump on him. 

Therefore, practically everyone in the Army is called upon to 
handle explosives at some time during their Army career and, for trieir 
own safety, all personnel should have some knowledge of the character¬ 
istics of explosives. It follows that, knowing these characteristics, 
the reasdn for and the observance of the proper safety precautions 
sihould be automatic. 

This premise is particularly true of bomb disposal personnel whos-^ 
rputlne, job is complete disposal of all ammunition, Allied and En-.-my. 
The complete disposal, of course, includes the explosive components of 
ammunition; Therefore bomb disposal personnel should be especially 
familiar with the characteristics of all explosives they may b:- re¬ 
quired to destroy. 

Having identified an explosive, the D.D, officer will need to 
know what its behavior will oe under all conditions, the precautiens 
which must be observed in dealing with it and the safest means by which 
it may be destroyed. He will also be better equipped to make \ii 
intelligent report concerning new and unidentifiea explosives. 

Fundamentally there is littlj use in safely d-fuzing ammuniiior 
if the explosive is mistr:ated through ignorance and a orematur. 
detonation results. 











This j^i^phlet vii^give^a short introduction on the fundamentc-l 
nature of explosives followed by an 'analysis of the characteristics of 
Allied and Enemy explosives which may be encountc-reu in the field. 

At 

If some of this material seems to be of the "nice to know" type it 
should be remembered that, when discussing any subject, it is necessary 
to build up a background and vocabulary to permit intelligent com- 
.imication, using commonly understood terms. 

. _ SECTION II 

DEFINITION OF TERMS USED 

1. AN ATOM is the.smallest portion of any matter. 

2. A MOLECULE is the smallest particle of any kind of substance that 
‘Can. exist independently and still have the same properties as the 
original substance.. It is composed of atoms. 

3 . A REACTION Is the mutual action of chemical agents or some distinc¬ 
tive result of such action, 

4. KINDLING TEMPERATURE is the temperature necessary for the reaction 
of two vagents. 

5 . OXIDATION is the reaction of a combustible material with oxygen 'to 
form a gas. 

6. COMBUSTION is rapid oxidation accompanied by flame. It is commonly 
called burning or deflagration. 

7 . FLAME is a product of combustion and is caused by heating minute 
particles of solid matter to an incadescont li*;al. 

8. DECOMPOSITION takes nlace when the atoms of a molecule siparatc md 
do not founite after the disturbing cauS'- h^s ceased to op rate. 

9% EXPIiOSiON 3''a'pi'd 'de'cc.mp'o'si't.-iiDn find- n,hV 'tdr'ft is VnerajLly used in 
d'efebrslbihg the acVibh'-of- low explosives. 


■ 2 . 






10. DETONATION is th^ rapid decomposition of a high explosive. 

11. HEAT OF COMBUSTION is the total he-'t evolved when a definite 
quantity of substance is conspletcly oxidized. 

12. EXUDATION is the -^set of sweating out of liquid through the pores of 
solid materials 

15* HYDROLYSIS is a double decomposition in which water is one of the 
interacting substances. 

14. A FUZE is .? device used to function ammunition. 

15 . A FUSE is a de''ice used to function charges of explosives. 









■ CHAP|£R 2 

■■ ' " SECTK?^ I 

.' ^ ' . ,■ * ■ ■ .■ TYPES OK EXPLOSION S 

^ ^ tx^Xp^ipn m be defined as the sudden and rapid oscapo of 
. ^ Con fined sp^e accompanied by hi-^h tomn'ratures and a loud 

• i\»iii>- -—****** ’, . * 

■ tiro types of explosions, mechanical and Cu^mical. A 

^ex^'|8 pf a necHhnical explosion is the cas^^ of the st.ara boiler. 
?f»^-'Wa.tCT^ and’converted into steam which fills th • boikr, 

increasing the pressure. >’hcn the boiler can no longer 
..pmtaih the pressure it bursts, with a loud noisj, permitting the .wis 
r(ftean). to escapsi 

|t should be noted that in this case, oressuro was ,'raduallv 

-"I 

incr,eased to a tnaxiinum causing the explosion, following v;hicn th 
.pretsttre returned imnodlately to that of the atmosphere. 

Chemical explosions are radically different from this. If a click 
of dynamite is detonated the explosion occurs me .jascs expanc r achin. 
a-sEiaxiinum pressure after, and as a result of, t.ir d. tonation. Af* r 
this they gradually return to atmospheric pressure. For 'ilit/ry 
^rposes w^ need only consider chemical oxplosion' 5 , 

SECTION II 

PRINCIPLES np EXT'LCSIVK .iC'f 

function by a rnpid '.xpancion, from ) solil 
( 

form, to gaseous products which occupy ^ much j^r'al’ i’ volum '. This 
expansion is the result of several factors: 

1. The first of these is th-' reaction of corhurllLl.' with oxy, n 
to form a gas. Everyon*., is f nnili -.r with tl'-_ burning of wood or ce 1 
in the atmosphere. In this reaction th'.- c'.rbon -nu hydros' n in i‘. 
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wood or coal' combine with the oxygen in the atmosphere to form Carbon 
Dioxide and Steam together with flame and smoke. The smoke consists of 
unoxidized particles in suspension in the atmosphere and the flame is 
caused by other particles, heated to an incadescent heat. 

If the wood or coal is pulverized so that the total surface in 
Citfttaci;-wiifchh oxj'.'gfen is-iiiore’ased.'^bnd bnrned'in :a foirn-ace ox forge, 
where more air is supplied, the burning is more rapid '-ni the com¬ 
bustion more complete. 

If the wood or coal is i.ijimersed in liquid oxygtn or suspended in 
air, in the form of dust, the burning takes place with explosive 
violence. 

In each case the action .has bo..'n the same, the burning of a com¬ 
bustible in oxygen to form a gas. The only difference is the speed 
with which the reaction took place, 

This leads us to the principle that any material that will burn 
can be maxle to explode if vnough oxygen is supplied rapidly enough. 

Ihis is demonstrated oy thv explosion in our internal combustion 
engine where combustiblt mixtures of gvsolin-. and air explode running 
the engine. 


In coal mines Methane 3as ^nd co'-l dust conibin>.' with air to 
produce explosive mix-tur'-s -'nd in gram elcv.tors minute particKs of 
dust form explosive mixtures with the air. 

Our Military explosives are based cn this principle except for the 
fact thU thev pc ^ 'a th.ir own oxyg.' •, d so .arc independc-ni of 
oxygen supplied Th^-y ire f'r),.,.)py mixtur's or compounds of 

combusvlMes witr,. oxyg.n tc lr.3ur„ ccrplatf- combustion. 

The second-factor is the tvoluticn of h-^at during Ik- reaction. 
It is heat whicn cai m,s t ae t'-.ses to exp aa afu.r they arr- form-.d. 
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Bihqut.heat of an explosive would be no more eff^clivf' 


fPraiTthe burning of wodd or coal. Fon example, N’itric Acia and Sodium 
-Carbonate will react to form gases but the reaction does not evolve 
heat and so it is not an explosive reaction. 

3.» The third factor is the rapidity of reaction. Unless tl.f" 
reaction occurs rapidly the-heat expanded gases will be dissipated in 
-the atmosphere and will not explode. Here again we can ccnsid r our 
wood or coal fire. We have evolution of heat and formation of gases 
but not rapidly enough to cause an explosion. 

. 4., ^e fourth factor is the requirement that the explosive readily 
underg’o-rapid, reaction from the application of energy, in the form of 
ishpck; .or Heat, to a small portion of its mass. Obviously a material, 
in.’whlch the first three factors exist,, is not suitable as an explosive 

'•j' ‘ , 

unless-we can readily put the factors into operation. 

'These four factors are inter-dependent and arc operative, in tn 
functioning of all explosives with the exception of a few M-jlallic 
compounds, such as Lead Azide, which do not undergo combustion but 
depend on a rapid expanfsion of hot Nitrogen Gas. 

This brings us to a formal definition of an explosive: 

An explosive is any gaseous, liquid or solid substance or mixture- 
^6f s^stances, which, w hen subjected to shock or heat, d conDcr.- 3 
rapidly and with great heat into other more stable, substances, mostly 
gaseous, many times the original volume, 

SECTION III 


TYPES OF EXPLOSIVES 


1. GENERAL. 


There are'two things that can happ-n to an explosive. It can 


undergo combustion or it can decompose. 
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When we speak of undergoing combustion we mean that it will burn 
when, ignited in the open air utilizing the oxygen in the atmosphere for 
combustion. This- is a. comparatively slow process and can be watched 
with the naked eye. Practically all explosives will undergo this 
reaction except Primary High Explosives, It is of interest to B.D. 
personnel from the standpoint of destruction of explosives. 

Chemical decomposition may take place in years, days, hours or in 
a fraction of a second. The slower forms of decomposition take place 
in storage and are of interest from a stability standpoint. . 

The rapid forms of decomposition are Explosion and Detonation, 
Low Explosives explode when confined and High Explosives detonate 
whether confined or not, 



m 

1 


i • 


j r 


I 


2. LOW EXPLOSIVES. 


Low or Deflagrating Explosives are those materials which undergo 

> 

rapid decomposition by burning from the surface inwardThey arr 

..- - -- - 

usually manufactured in grains and used as propellants. 

Let us assume that a number of grains of Smokeless Powder are- 
placed in the breech of a gun. Sufficient heat is applied so that th- 
powder will ignite. That is a temperature will be attained which will 
cause the combustibles to react with the self-contained oxygen to form 
gas and liberate heat. Since this heat cannot escape, because of the* 
confinement of the breech, it will heat up the next layer of powder 
exposed by the burning away of the original surface layer and incr(.asv 
the expansion of gases. This continues until the grain is compl^-tely 
consumed and concurrently each grain ignit'-s adjacent grains until the ' 

entire charge is consum.d. These individual grains burn from the out¬ 
side toward the center at the rate of five feet per second compar-d I 

with 0.01 feel per second in the open. I 


<> 








I 
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As the burning continues throug{i the charf;e, the pressure and heat 
rise and the burning becomes more and more raoid. The rate of burning 
is doubled for every 10°C rise in tenperature. 

Tliis form of -decomposition is usually termed an Explosion and 
proceeds comparatively slowly, explosively speaking. The result is a 
heaving or pushing effect which makes the explosion valuable as a 
propellant. It is of little value as a bursting charge because the 4 

gases would be dissipated in the atmosphere before they could reach a 
mauciraum pressure and be directed against the objective. In the barrel 
of'i 'giin however, the shell v/ill begin to move before ex cans ion is 
•complete, leaving room for more expansion and preventing the barrel 
from bursting. 

5 . HIGH EXPLOSIVES. ‘ 

. ^High or Detoni ng Explosives decompose almost instaiit'iu-.ourly by 

r 

a niplure or splitting of the molecule and the r- arrangenent of the 
atoms Into other molecules, mostly gaseous. 

High Explosives are compounds made up of a numl-.r of mol.culcs. 

Each molecule is in turn made up of Carbon, llydrog n, Nitrogen ami 
Oxygen atoms tied together by forms of energy call-d bc*nds. V.'l.il 
Carbon and Hydrogen tend to unite with Oxygen, Nitrog' n has no affinity 
for these atoms but tends to return to the atmosoherc of which it 
conqprises 80%. The result is a rather unstable moltculo which tends to 
revert to a more stable state. 

The term detonation is used to describe the nhenomenom which lak^s 
place when a High Explosive explodes. Therva are several theori-.s as to 
the mechanics of detonation but the.following seems most logical. 

Detonation takes place in two phas.s, a spliting of the molecules 
followed by an almost instantaneous burning. The first phase is 
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initiated by sapplyinj? enough energy, usually in the form of shock, to 
an explosive so that the disruptive forces v/itnin the molecule exceed 
the attractive forces between the atoms and decomposition is Suarted. 

The tendency toward disruption is caused by I'r.e desire oi Nitrogen 
to go back into the atmosphere and any abnofnal arrangement of the 
bonds holding the atoms together. The attractive forces are tivi normal 
bonds tying tne atoms together. These bonds are a form oi i.nergy. 
When they are broken the ener^jy is reieasvcl in tht. form of a pressure 
wave of high temperature, the shock of which disrupts adjacent mole¬ 
cules. 

If the initial energy is sufficient tnis wave will proc.‘*d thru 
the entire mass of explosive urstil it has cor’>pl tely detonated, pro¬ 
vided the energy releasee by tlv splitting of on- molecule, is suf¬ 
ficient to decompose adjacent nolecul*.s. Th- prtssur* wave is quite 
often compi(-.ted before* the second phas* of d“ton.ation has had any 
material effect. Fh-otographr. of dynamit cartridg*.s hav. shown the 
first phas- completed befor* t.h> cartriug • p).oer has ..vt,n been dis¬ 
rupted. It delivers a terrific hamr'.r-liK.. blow to .any oljict in its 
path. It is important to tak'- auvantag of t.’iis for.m of eourgy in 
B.0. dtmolitions, ' 

The second phas’’ of d-tonation corrsisL.s of thu for.mation of •.« 

V 

molfcules. '/hen the original mol'cuie is split the heat of t:;* ;■ to- 
nating wave caus.s the Carbon ana Mydrog'.’n ato.'S tc r-ach in i, nit ion 
temperature at which point tiiuy unit- with th. - Cxy ' n items to for-i lii. 
gases Carbon Dioxide and WaUr Vapor along with ot:.':r .;i:vS w .ier. riy 
result from an OxyCcu deficiency. 

This action is icconpini'd by i';r'„-jt, h at wni(.-. cau. *s fiv g ts s tr 
expand in all directions. 


:: » ... 
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Detonation takes place almost instantaneously and causes a dis- 
rflpiiye effect, which is very valuable in a bursting charge. The speed 
'of Mti'on. causes the gases to reach a raaximuni pressure and be delivered 
jagaiMt the objective before they can be dissipated in the atmosphere. 
Hl|^' Explosives, cannot, however, be used as propellants as the pressure 
developed would burst the barrel of the gun before it overcame the 
inertia of the shell. 

In summary we might say that Low Explosives can undergo cotn- 
' bustion; can decompose slowly or explode. High Explosives can undergo 
.(Mrabustion (except Primary High Explosive) can decompose slowly and can 
detonate. High Explosives may be treated so that they vail explode but 
Low Explosives will never detonate. 

iln- the case of High Explosives no confinement is necessary to 
<^se detonation. Atmospheric pressure affords sufficient confinement. 
^ "■ ■ SECTION IV 

RESULTS OP DETONATION 

High Explosives detonate at temperatures of 3000 to 4000°C, 
expanding to 10,000 to l^jOOO times their original volume at speeds up 
to five miles:.- per second, exerting pressures of 1,000,000 pounds per 
square inch and up. Such figures are rather astronomical and a better 
idea of the power of these explosives can be given by referring to 
Quarry Blasting. Here one pound of dynamite is usually figured to 
displace a minimum of three tons of rock. From this it can be seen 
that High Explosives, even in small quantities, can cause conside-rable 
destruction. 

When a High Explosive bomb detonates the effect.s may be divided 
into several phases: 

1. The expanding gases cause the case to swell lo twice normal 
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size.at which point it ruptures and the fragments are propelled with 
the speed of a rifle bullet. This phase is known as Fragmentation 
Effect.' 

2. The second phase is called the Blast Effect and it in turn 
consists of several phases: 

a. The detonation wave delivers a hammer-like blow which is 
very' destructive to anything in its path. In water it is this blow 
which springs ,the plates of ships. 

b. Following the detonating wave, the expanding gases reach a 
maximum pressure in a fraction of a second and then rush away from the 
point of detonation at the rate of about 7000 miles an hour gradually 
cooling and subsiding until they are dissipated at a distance of to 
100 feet from the bomb. In doing this they will demolish everything in 
their path. 

c. This rush of gases sets up a compression wave in t.ie sur¬ 
rounding medium whether it be air, water or earth. 

In the air, an artificial gale is set up whose initial velocity is 
about 7000 miles per nour. The air acts Hue an accordion, successiv-. 
layers being compressed and expanding until the wave ;raduaily dies 
down. This action is g^nsrally called Concussion. In the wati-r and 
earth the same type of movement tak..s place and i;: called far*h and 
Water Shock. 

In the air the concussion will do terrific danai^e sometimes for 
considerable distances. In the ground earth Piovement will destroy 
foundations and utility installations. 

In the water the shock travels faster and farther and with a much 
higher pressure but it is of shorter duration. It is vtry damaj.ing t^ 
the plates of ships. 
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d. As the expanding gases cool and subside, after displ^-if’C 
the atmosphere, a partial vacuum is crealeU. Tris is of lor,, or oura,ion 
than the positive phase but not as destructivo. Ihe prescure of air in , 
surrounding buildings, attempting to fill tiie vacuum, will caus''' 
weakened walls to collapse. This pnase will be cesiruative around 
.corners and back of barriers while the positive phase is only cff’Ctive 
in a straight line. 

3 . Because of the high temperatures procucou, all explosio.us have 
an incendiary effect on everything comoustiblo at ana near the point of 
explosion. 

SECTION V 

DISCUSSION' OF CHARACTERISTICS 07 EXPLO'.'T/FS 

1. SENSITIVITY 

The tenirj^ejiai.t.lyi.ty.'' as applied to explosives means ihi. las. 
with which they may be ignited or detonated or, in other words, tiv: 
amount of shock, friction or heat requirac for ignition or detonation. 

Basically the question as to whether an explosive is s.T.sitiv. or 
not, depends on the fundamental makeup of the cxplcsiv-. itself. 

Some explosives, such as Lead Azide, ar<; endothermic in nai .r.. 
That is, they absorb heat during formation and relc''S£ it Jurin,' 
decomposition. Because they contain stored up energy, they ar ve.ry 
sensitive and very little energy need bo suoplied for lli*' ir a co;:no- 
sition. 

The sensitivity of this iyne of explosive is also incr-as^ci by Lb 
manner in which the atoms ar-,; tied together. L-.-aa Azid , for instasce, 
not only has Nitrogen atoms tied together, thereby enhancing their 
antisocial nature, but by doubl bonds as wi.ll making the ntire 
molecule very unstable. 
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On the other hand certain explosives, such as T.JT, are oxoth®fmic 
in nature. They give off heat during formation and take up lieat during 
decomposition so they must be supplied with considerable energy for 
decomposition. 

There are, however, certain factors which will affect this basic 
sensitivity of explosives. They are: 

A. Crystal size - The sensitivity of the endothermic type of 
explosive,, which is made ud of unbalanced molecules which are held 
together by forces which are under uneven strains, is increased by 
larger crystals which increase the internal friction and str in. 

B. Density - V:hen the explosive crystals are loadec at high 
density the mass resists penetration by the hot gases which cause 
detonation. Therefore the higher tiie density the lower tne sensitivity. 
Mer-cury Fulminate, for exampl*., becomes dead pressed and will not 
detonate from fl-^me. 

C. Temperature - Since all explosives will deton.it; from ii<-'.t, as 
the temperature -approaches this ooint the- uxplnsiv.. bvcomK s more 
sensitive. 

D. Moisture - Since moisture is inert ana ixercises a cooling 
effect, by absorbing iu-at, its presence will reduc-.; sensitivity. ’ 

E. Coating of crystals - If the crystals ''r, co't.d with w'>x th.y 
are cushioned from shock and thv friction b- tw-en cryst-ls is r .duc'd. 
This decreases Sirnsitivity. 

F'. Crystal Distortion •- If the crystalline structar.. is distorted 


and intercrystalline friction increas-d the explosive rry become mori 
sensitive. This may b; caused by high sp..ed compression or oy n.ltinir, 
and cooling. 




















2. OF ^DETONATION 

'■•K 

. Ifceh, .a-High .Explosive detonates the action proceeds in a v;ave 
u-^^hrpughouii the column of exolosive. The rate of speed with which. t::is 
:\^ve progresses.is termed the velocity of oetonation and is usually 
pressed in jne.ters per second^. 

^^Onder the s.ame conditions, different explosives detonate at 

'KV/; i f ^ 

diTfer.eni. yeiociUes because of their K'itrogen contenti l.itro’en, 

being uhliable§ causes the explosive to be mere easily detonated and 

this tehd8."tp Tnerease the speed of detonation. 

There are certain factors which materially affect ttie velocity of 
■ ' ' , * 

detonation. They are: 

1» Loading Density - Velocity increases'with the increase of 
density because the continuity of the material is increased and the 
detonating wave does not have to jump gaps in the exolosive. This is 
true up to a critical density point at which the velocity decreases and 
the detonating wave may not propogate. This is caused by aUainin' so 
dense a mass that the hot gases cannot penetrate readily, As proof of 
this let us consider the velocity of PET.h at various den si tins: 


DENSITY 


VELOCITY 




2. Diameter of the Column - The detonation wave tr.av-- lin/; cr i 
spherical front through the column of explosiv is a form of ‘n-r.y. 
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When the diameter of the column is smal-l the exposed surface is larger 
in compar/ison with the total'volume. Therefore the percentage of 
surface energy is large in comparison with total energy available. Ao 
a certain part of this energy is subject to Dissipation in the atmo¬ 
sphere it can be readily seen that with a comparatively large percentage 
of energy lost, there is less, energy left to continue the detohating 
wave than if the column were larger in diameter and the' mass of ex¬ 
plosive could act as a confining agent. In this case the surface and 
hence the percentage of energy dissipated are small compared with total 
energy l^available and therefore there is more energy left to be directed 
against undetonaled portions of the mass and'the result is a more rapid 
detonation. Primacord Detonating Fuse is a good cxaniple of this effect. 
Primacord, which contains a small column cf PETh, detonates at 620C 
meters per second while PET’'! can attain a velocity of 8300 meters per 
second. 

3 . Confinement - Because confinement prevents this surface dissi¬ 
pation of energy it also increases the velocity cf dotenation. 

4, Length of Column - When explosives aotonate, the velocity is 
increased until it reaches a maximum and then continues at this rat,., 
until detonation is complete. Therefor<* it is nocvssary to navt a 
column sufficient in length for the explosive to attain maximum veloci¬ 
ty. 

Presence of Moisture - Moistur - is inert as far as ird- lo- 
nation is concerned and also exercises a cooling ■ ffect, Tii^ixfor-. it 
reduces the velocity of detonation. 

6. Coating th.' Crains - The use of wax to coat the indiviainl 

grain introduces an inert materia] which will riAt detonate ana at t.nc 

! 

same ’time cushions the shock making detonation mcr<‘ diffieeit ana 

'-L 

if. 
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^thereby reducing the velocity. 

7. Temperature - An increase in heat makes the explosive more 
sensitive thereby facilitating detonation and slightly increasing 
velocity. 

8. Grain Size - An increase in the grain size decreases velocity 


due to the fact that, with large grains, there is incomplete development 
of energy at the time of passage of the detonating wave. 


9. Power of the Initiator - Every explosive requires an initiator 


of a certain minimum power to insure a High Order Detonation and this 
varies with each explosive. Initiators of abnormal strength, while 
they may increase velocity initially, will not detonate an explosive at 


a greater than maximum velocity for that explosive. In other words if 
,24 grams of Mercury Fulminate are necessary to detonate TNT it dosen't 
make any difference whether one pound or 2000 pounds of T'iT are deto¬ 
nated, the requirement would still be .24 grams of Mercury Fulminate, 
In actual practice larger amounts are used but this is a cheap form of 
insurance when using large amounts of explosive. 


3. STRENGTH 

The strength of an explosive is its ability to do work. 

The strength of an explosive may be measured from two standpoints. 
From an execution standpoint it is the ability of the explosive to 
displace the medium which confines it. From a laboratory standpoint it 
is the amount of energy liberated by the explosion or detonation. 


Actually the amount of energy liberated determines the -amount of 
displacement which will take plact.-. 

There are two factors governing the amount of energy liberat d. 
They are gas volume, and heat of explosion. Tht gas volume is con- 
by the completeness of oxidation. An explosive which oxidizes 
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comoletely to Carbon Dioxide and Vatsr Vapor releases more gas than one 
which also deconposes to Carbon Monoxide, Methane and Carbon, ilierefore 
it isdr.sirable to provide tne explosive with enough oxygen for complete 
combustion. 

Because there is 1/273 increase in volume for each degree of rise 
in temperature, the heat of explosion is of primary importancsi It is 
the heat which expands the gases aftc-r they are formf^d. Other factors 
being equal, the explosive liberating the most heat will have the most 
strength. 

Certain explosives, such as Lead Azide, will devc-lop a fair amount 
of energy due to the heat of explosion, in spite of the fact that no 
oxidation takes place. 

Heat of explosion is increased by complete oxidation so the process 
runs in a circle. The more gas the more h.^at and the more heat the 
greater the expansion of gases which means tne greater the energy and 
strength. 

4.- 3RI3AHCS 

hh.n a force displaces a mass through a distance the result is 

> 

work done. This, as w-.* have seen, is determined by the strength of the 
explosive. 

'rthi.n the tim-- oKment is consid *red with respect to work done we 
use the term Power (set}. 

Explosives have* both strength ana power but they also possess a 
third charactiPistic which is shattering -ffcct or brisance (from the 
French meaning to Lreak). This is a unique charaoteristic of ex¬ 
plosives. 

When an explosive detonates tremendous pressure is 'released 
practically instantaneously in a wave which exists for only a fraction 
of a second at any giv<;n spot. Thi* suusequent expansion of gases 






performs work but this pressure wave will shatter, rather than displace 
any object in its path. ■ ■ • * 

This shattering effect or brisance, has a direct relationship to 
velocity and can be calculated with a small margin of error by using 
the equation: 

Velocity 

Log of Brisance c ■5t'55 'X 2500~ 

POWER 

Power may be defined as the rate of doing work. This definition 
applies to an explosive as well as' any other form of energy. 

It is dependent on strength and velocity, the amount of energy, 
released and the speed with which it is releastc. 

Strength, Brisance and Power are closely related. Generally 
speaking of two explosives of equal strength the ond detonating at tlie 
highest velocity will not only have the greatest -brisance but will be 
\ more powerful. It will be more brisant because of the sharpness of the 
blow and more powerful because of the speed with which the energy is 
delivered. 

Of two explosives of equal velocity the stronger will be more 
Brisant because there is more weight back of the blow. It will b-c! more 
powerful because more energy is delivered in the same time, It is 
possible to increase velocity and reduce strength thereby increasing 
both brisance and power and it is also possible to reduce velocity, 
somewhat, and by greatly increasing strength to increase both brisance 
and power. 

In tho first case brisance is increased by the sharpness of the 
blow and power by the increased speed with which the blow is delivered. 

In the second case both power end brisance are increased by the 
weight of the blow in spit.** of tho fact that th.- time of delivery is 
increased. 
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Power is usually measured in terras of susjaine?! impulse wiiich i'|' 
equal to one half the peak pressure multiplied by the duration, of the 
positive phase. - '■ 

6. HIGH ORDER OF DETONATIOK. ' . . /■ 

This is a complete detonation at maximum ve 1 o city* Aid:^the ^ 
explosive detonates at the highest velocity possible under exir^tin;^' 
conditions. . ... 

7. LOW ORDER D ETOHATIO H. ^ - ' 

This is either incomplete detonation or complete detonati^h 

~ »- a. -J J • J*’. - .Ii m ■ III l i.M, . I.rii i I ^ ^ - V 

lower than maximum velocity, I>t can'joe caused by: . ' •. 

1. An initiator of inadequate power. ‘ ' r' 

2. Deterioration of the explosive itself. 

3. Poor contact with the initiator or lack of continuity in the 

charge itself caused by: . 

a. Low density, . • ' 

b. Exudation. 

8. DENSITY. 

I 

Density is the weight per unU of volume. In' giving dens^ity 
figures the density is compared with water. In the Metric System one 
cubic centimeter of water weighs one gram, therefore, if we give the 
density of an explosive as 1.5 we mean that one cubic centimeter weighs 
1,5 grams. This is also its specific gravity compared to water. 

Density is important in the reaction of explosives. By making It 
more difficult for gases to penetrate the explosive mass, it reduces 
sensitivity. By increasing the continuity of the explosive mass it 
increases velocity. 

It also makes a more solid load thereby decreasing the tendency 
for cavities to form. These may cause misfires or premature detonations 
(see loading). 
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In addition, increased density will permit the use of more ex¬ 
plosive in the space provided thereby increasing the efficiency of the 
ammunition. For example if we have two explosives of ejqual power per 
pound and the first has a density of 1.0 and the second a density of 
2.0 we can load twice the amount of the second in the same space as’ the 
first thereby doubling the efficiency of the ammunition.- 
9. STABILIT^IN STORAGE. 

Quite often the tern "stability" is used to mean the opposite of 
sensitivity. From a Military ^taj^point, however, it is used to 
indicate stability in storage or the ability of the explosive to stand 
storage, under all conditions, without deterioration. 

The fact that a material is very sensitive does not imply that it 
is unstable in storage nor does the fact that it is insensitive mean 
that it will be stable in storage. A substance may be extremely 
reactive chemically but at tDe same time it is stable in the absence of 
anything with which to react. 

For example, Lead Azide may explode from a slight shock but is 
entirely stable if left akne while Nitrocellulose requires a powerful 
detonator but is subject to spontaneous combustion. 

Stability is affected by the following factors: 

1. Chemical Constitution - Certain explosives, such as the Nitrates 
will decompose at ordinary temperatures. This is due to the molecular 
structure and nothing can b-? done about it except to modify the re¬ 
action. 

2, Temperature of Decomposition - If the above type of reaction 
evolves heat the reaction will bs accelerated and spontaneous combustion 
may result. 
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3. Temperature of Storage - Certain explosives, such as Mercury 
Fulminate, are stable at ordinary temperatures but wiii decoapose 

' y 

elevated temperatures. ' . . 

4 . Reaction of Decomposition-Products - The products of-decompo¬ 
sition may accelerate the reaction or they may start a'new reaction. 
For example, Ammonium Nitrate will hydrolize to Ammonia which will then- 
react with TNT, 

5. Ihe Presence of Imourities - Impurities have a tendency to make 
the Aromatics unstable. For example, impurities lower the melting 
point of TNT causing exudation, 

6. Presence of Moisture - Hus will affect many explosives such as 

Black Powder and Ammonium Nitrat'-. ’ ' 

7. Exnosure to Sun - The direct rays of the sun will decompose all 
Nitro compounds. 

lU.JlYG^R OSCO PICirY. 

Hygro scopicity is the tend ency of a material to absor b moisture. 
It affects explosives by the introduction of an inert material which 
will also absorb heat. 

Cdnce inert m.aterials reduce the continuity of the explosive mass 

/ 

and since cooling reduces tiiC temperature of reaction it is easy to see 
that moisture will reduce sensitivity, strength and velocity. In the 
case of Ammonium Nitrate Explosives, it may even cause th€i explosive to 
become so insensitive that it will not detonate. 

In addition, the presence of moisture will often cause decompo¬ 
sition thereby affecting stability and leading to corrosion of metals. 
11. THE CAVITY EFFECT. 

The Cavity Effect, also known by the names; Munroe Effect, Neumann 
Effect, Shaped Charges and H.How Nose Ammunition was originally 
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noticed by Baader of Norway in 1799 * Since then many men of many 
nationalities have experimented with it. 

Munroe, at the Newport Naval Torpedo Station in 1888 and Neumann 
in Germany in 1910 , gave it considerable publicity and it frequently 
bears their names for that reason. 

The principle of the effect can be summarized as follows: When 
two or more explosive waves meet at an angle they reinforce each other. 
The result is the combining and focusing of the lines of force into a 
jet, the force of which is greater than any one of the component forces. 
The effects of this jet are more pronounced when the charge is held 
away from the objective. 

As we have seen the detonation of a high explosive consists of two 
phases; first the detonation wave or shock wave itself which proceeds 
in a wave through the column of explosive and exerts tremendous direct¬ 
ional force and second the subsequent expansion of gases which follows 
the lines cf least resistance. 

Let us now assume that we place a solid block of explosive on a 
steel plate and initiate it in the direction of the plate. The deto¬ 
nating wave will indent the plate due to its directional force but the 
gases, following the lines of least resistance, will escape into the 
air without materially affecting the plate. If we take the same block, 
cut a cone into the base, line the cone with metal, hold the cone away 
from the plate and initiate the charge in the direction of the plate we 
utilize the Cavity Effect. 

As the detonating waves from both sides of the cone, traveling on 
a spherical front, meet in the hollow portion of the cone they re¬ 
enforce each other and are focused into a jet which is driven with 
terrific force (about 200,000 atmospheres) into the plate, at right 
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an^l.s to their intersecting fronts. Simultaneously the metal-liner is 
chipped and the fragments enter the jet and form part of it. 

Following this the lines of force from the explosive gases, which 
expand in the cone as well as into the surrounding medium, also re¬ 
enforce ‘ach other and are focused towards the plate, collapsing the 
liner into a slug in the process. These forces with the slug enter or 
pass through the hole made by the jet. 

The jet heats the metal to a state of Incandescence pressing it 
outward as it progresses. The secondary force continues this process, 
enlarging the hole. 

While the Cavity Effect hasboenwell known for years its practical 
application is still in the experimental stage and no iron-bound rules 
can be given for its use. Each type of ammunition incorporating the 
principle has been d-veloped by trial and error. However the following 
factors seem to apply and must be considered in developing the ammu¬ 
nition: 

A. Dia meter of the Con e - This varies directly with the size of 
hole to bo cut. The three principle diameters now in use are 24” for 
the 42ii^ cone (Bazooka cone), and 1" ard 5" for the 80^' cone. 

B. Tliickness of the Line r - A thickness of 5% of the diameter for 
an 80^ cone seems best. 

C. An gli-.s of C ones - The conical shaped liner gives a deeper hole 
with smaller diameter and less staou-off distance. This principle 
utilizes a smaller charge. An 80*^ cone seems most effective. 

Ma terial of Lin er - Mild steel seems most effective. 

1C. oUnd- off - This is accomplished by collansible legs, in the 
case of demolition charges, and a hollow ogive in the case of shells and 
bombs. 






■Rie stand-off distance increases with the angle of the cone. In 
using a small angle the detonation waves, which proceed approximately 
perijendicuiarly from the sides of the cone, will form a jet more 
q»iticly than if a wide angle is used, "nie difference in stand-off will 
give these waves time in which to form the jet. 

Typical stand-off distances are; 

1. For 422° cone ’ 1 dimeter 

2. For 80° cone 1 to 2 diameters 

3. For 120° cone 3 to 4 diameters 

F, Loading Density - This affects velocity and unit power and. 
hence the effectiveness of the charge. 

G, Method of Initiation - The charge should be initiated directly 
over the apex of the cone to give an even detonation wave and to 
utilize the directional force of the wave. 

H, K ind of Explosive - It should be noted that the above specifi¬ 
cations are for demolition charges using, RDX based, plastic explosives. 
It is quite probable that, using other lypes of explosives,' changes in 
these specifications would be made. 

The Cavity Effect is being used by all nations in this war in 
shells, bombs, torpedoes, and demolition agents. Some of the specific 
uses follow: 

A. United States 

1. Bazooka - Muzzle Velocity 265 feel per second: Will penetrate 
3" of armor plate and 8" of concrete: Pilled with composition C 2 or 
Pentolite. 

2. Anti-tank Rifle Grenade 

3 . Demolition charge T3 - Weight, 33 pounds: Filled with 50/50 
Pentolite: Will penetrate 5 ft, of concrete. 
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B. Britain 

1. Beehive Demolition Char ge - Weight 6 lbs. of TKT: Will 
penetrate 2'9" of concrete. 

2. Beehive Demolition Cliarg e - Weight 75 lbs.: Will penetrate '5 
ft. of concrete. 

C. Germany 

1. Bombs -250 Will penetrate 14" of armor plate. 

500 Kg: Will penetrate 24" of armor plate or 11sof 

concrete. 

300 Kg: Will penetrate 40" of armor plate or 20** of 

concrete. 

2. demolitions - 12s Kg, charge: Will penetrate 4-3/4" of armor 

plr.te. 

Ammunition incorporating the Cavity Effect is often referred to as 
Armor Piercing ammunition but this is not true in the accepted sence of 
the word. This ammunition causes a scaling and blast, or concussion, 
effect, on the objective by a tremendeous concentration of force on a 
small area as follovrs: 

A. On Armor Plate -■ The metal is heated to a state of incandescence 
'and particles fly from the back of the plate in e. cone shaped spray 
causing an anti-personnel effect. The spray will usually detonate 
ammunition. In ''.ddition to this, the terrific blast effect wiil^'kill 
anyone back'of the plate, as in a tank. 

B. On Concrete - The explosion will riot melt the concrete but will 
cause the scaling and concussion effect, described above, on a concrete 
pillbox. 





SECTION VI 


COMMON INGREDIENTS 

1. AROMATIC HYDROCARBONS 

The Aromatic Compounds have been and are still the principle raw 
materials from which most explosives are manufactured. They are 
largely derived from coal tar which is obtained by coal coking. 

Coal yields 6% of its weight in tar. One ton of tar. on distil*- 
lation yields: 

Light Oil (32 pounds of Benzene 

( 5 pounds of Toluene 

(0.6 pounds of Xylene 

Middle Oil (40 pounds of Phenol and Cresol 
(.80-120 pounds of Napthalene 

Heavy Oil (Impure Cresols and Other Phenols 

Green Oil (10-40 pounds of Anthracene 

Residue (1000-1200 pounds of Pitch 

Napthalene is the most abundant hydrocarbon and nitrates easily 
but is not powerful enough to be used as an explosive. 

The Phenol-Cresol combination yields Phenol for Picric Acid, on 
distillation, but it is cheaper to tise the Chlorobenzene process, (see) 

Cresol explosives are not powerful enough. 

Benzene is difficult to nitrate and although this has been solved 
by the Chlorobenzene Process the operation still involves mor>e steps 
and therefore is more expensive than the nitration of Toluene. 

This leaves Toluene which is easily and cheaply nitrated, is 
fairly plentiful and has the proper explosive properties. For these 
reasons TNT has been the standard explosive since 1904. The others are 
reserve explosives which are used because of their more plentiful raw 
materials. 

Coal tar occurs naturally in B-jrneo Petroleum which has been a 
Godsend to the Japs. 
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The United States is now obtaining Toluene in large quantity from 
Petroleum Cracking which explains our envianle position with regard to 
TNT in this war. The Axis, lacking a petrol-ium industry, has to fall 
back on substitutes. 

2. NITRIC ACID IINO^ 

In order to make the Aromatic Hydrocarbons into explosives it is 
necessary to do two things. In the first place they have to be supplied 
with Oxygen for coinbustion otherwise no gases will be formea. In the 
second place they have to be made chemicallj' unstable so they will 
detonate. The nitration of the material with Nitric Acid fulfills both 
requirements. 

Nitrogen, which is obtained from the atmosphere, is anti-social in 
nature. It violently objects to forming compounds with other atoms and 
breaks away at the least provocation. The detonation of a compound 
containing Nitrogen is a violent reaction in which the Nitrogen brca'.s 


out of the compound and in so doing causes it to fly to pieces with tne 
liberation of much of the energy absorbed in manufacture. In Nitric 
Acid this characteristic of Nitrogen is enhanced by the presence of two 
Oxygen atoms tied together. 

Thereforve, the nitration process not only converts the material 
into an explosive but introduces Oxygon for combustion. 

3. SULPHURIC ACID 

Usually the nitration is carri'-d out with mixed acid, accmbinalion 
of Nitric and Sulphuric Acid. The function of the latter is to absorb 
water produced in manufacture and to prevent dilution of the Nitric 
Acid. 


4, ALCOHOLS 


Methyl and Ethyl Alcohol are widely used as fuels, in the manu¬ 
facture of explosives, in the place of the Aromatic Hydrocarbons. 
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Methyl Alcohol is now made synthetically and is the basis I’.or Formalde¬ 
hyde,’ one of the basic ingredients of PllTN AM!) RDX. Ethyl Alcohol is 
made in large quantities fror grain. 

'5. AMMONIA N'lj 

Ammonia is a very important explosive ingredient, '.ft has many 
uses but the chief ones are in the manufacture of Nitric Acid and the 
Nitro-Ami nes, the latter being a very powerful group of explosives which 
includes Tetryl and RD>’. It is also nitrated to Ammonium Nitrate (see). 
6. OXIDIZING AGENTS 

Most Military Explosms are deficient in Oxygon so* it is often 
necessary to add oxygen, in order to increase the coifipleteness of 
combustion, thereby changing Carbon Monoxide to Carbon Dioxide. The 
latter develops times more heat than the former. 

The following is a list of the mors common oxidizing agents with 
the percentage of Oxygen made available for combustion: 


NITRATES 

Potassium Nitrate KNO^ 

- 39.5 


Sodium Nitrate NANO^ 

- 47.0 


Calcium Nitrate C2(N0/)2 

j 

- 49.0 


Barium Nitrate Ba(N0^)2 

31.0 


Lead Nitrate Pb{i:0^)2 

- 25.0 


Ammonium Nitrate NII^NO^ 

- 20.0 

CHEURATES 

Potassium ([ihlorate KClOj; 

- 39. C 


Sodium Chlorate NaClO^ 

1 

o 

PERCHLORATES 

Potassium F'trchlorato KCIO^ 

" 46.0 


Sodium Perchlorate raClO/ 

't 

- 52.0 


Ammon. Perchlorate NH^CJO^ 

- 34.0 
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The nitrates, except ATHnoniun Nitrate, are non-explpsiye in^ nature 
being based on metals which do not enter into'the ;reaet,ion« _ Th®***f®i* 
they will decrease the strength and velocity* of the explosive 6n?'ia-- 
weight or volume basis. For example, suppose we had a fixture of 50^9P- 
TNT/Pptassium Nitrate, Potassium foyiis approximately 40% of the wi^t' 
of the KMOj and 20% of the mixture, therefore 20% of the explosive is 
inert. 

Among tho Nitrates, .Sodium Nitrate liberates the most Oxygen and 
is cheap hut it is also hygroscopic so its use is confined to exploslyes 
such as Blanx Fire powder where hygroscopicity is not so important. 

Potassium Nitrate is less effective and more expensive but it is 
also less hygroscopic so it is used where uniformity is irapprtaml Cig. 
Fuse Powders. 

Calcium Nitrate is a cheap, very hygroscopic agent and is used by 
Germany due to raw material shortages. 

Barium Nitrate is non-bygroscopic and non-corrosive.. It Is used 
in non-corrosive primers. As it is a less effective ?igent it is 
sometimes used to retard the burning speed of Fuse Powders. 

Lead Nitrate is inefficient ami very seldom used except in long 
delay Fiise Powders. . - 

The Chlorates and Perchlorates have the property of liberating 
their Oxyg-^n with great viol'^nce when mixed with an impurity such as a 
combustible. They do this from the slightest shock or friction. The 
Perchlorates ar.. slightly less sen.sitivo than the Chlorates. Both have 
been used in the past in dynamite type explosives called Cheddites. 
These proved to bo too sensitive and unstable but they are still used 
abroad to some extent. (3oe Chlorate Explosive.s.) 

Potassium Chlorate has the most application in Military Explosives, 

It is widely used with Antimony Suh^ide (see) as a percussion cap in 
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ArUllery Anauniticn and is present in most ?uze Prlwr Mixes* It 
increases the heat of expioiipn without lowering the sensitivity 
BriiSer. - ^ ■ 

Sodiua Chlorate is too hygroscopic and the Perchlorates tod 
insensitive for this purpose. Potassium Chlorate yields Potassium 
Chlorides which corrode steel in the presence of moisture. For this 
reason, Barium Nitrate is used in non-corrosive primers. 

7. i^IUM KimnS MH4NO2 - , 

Ammonium Nitrate is an explosive which is so insensitive that it 

/ 

cannot be detonated by ordinary shoclt but .requires a high explosive 
primer. It develops 7511 of thp strength of*Nitroglycerine and for this 
reason Is vei^ important, being the principle explosive ingredient, in 
commercial dynamites and an extender for TNT in military explosives. 

t 

It is a cheap and abundant explosive and enables us to carry on com¬ 
mercial blasting and warfare on the present day scald. 

As it liberates 20% of its Oxygen for combination with combustible 
materials it is also used ns an oxidising agent. It differs from other 
■oxidising agents in that all of Hs ingredients are active, consisting 

.. I 

of Wltfo'gcn, Hydrogen and Oxygon. 

The TNTorliitrogiycerine, which coat the Ammonidm Nitrate crystals, 
darry the detonating wave from the primer causing the /immonium Nitrate 
to decompose explosively, producing Nitrogen, Steam and Oxygen. The 
iatler enters into a further explosive reaction with any combustible 
material present. 

, Ammonium Nitrate is white but discolors rapidly from contact with 
the atmosphere. It is manufactured synthetically, Hydrogen is ob¬ 
tained from water gas a-nd in burned in air forming Nitrogen, Nitrogen 
and Hydrogen arc mixed and treated to form ammonia gas which neutral ino.s 
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Witric Acid to form Afirnipnium Nitrate. 

The velocity of detonation of Ammonium Nitrate varies from 1400 

** 

meters per second to 5500 meters per second depending dh the grain 

. i4 * 

size. The smaller the grain the higher the velocity'. . 

It has a melting point of 155° to 170°C and decomposes at 
It is very hygroscopic and will corrode metals especially; if 
moisture is present. It is soluble in water and Acetone^ 

Ammonium Nitrate Represents a large supply of cheap explpsivf; 
material which also acts as an oxidizing agent to a limited'extent. 
Its disadvantages are its lack of stability in storage'and its lew 
velocity of detonation. 

8. ALUMINUM 

Aluminized explosives In t,he form of Ammonals (TNTj. Ammoni'Sini 
Nitrate and Aluminum Powder) were used in the pc^t but not to any great 
extent due to the .igh cost and limited availability of Aluminum and 
the lack of instruments to properly measure blast effect caused by the 

I ^ 

addition of Aluminum, 

Tiiese drawbacks have been overcome and the present trend is toward 
the use of Aluminized Kxplosives. Aluminum has an affinity for Oxygen 
and will extract Oxygen from the air or water or from any other medium 
in which Oxygen is present. Vnen Aluminum combines with Oxygen It,forms. 
Aluminum Oxide and intense h<at which increases the heal of detonation, 
the expansion of gases and hence the strength of the explosive. 

Aluminized Explosives should not be used when penetration and 
detonation below the surface of the ground are desired because the 
Aluminum will rob the exolosive of its Oxygen and cause an incomplete 
combustion and hence a redaction in the gas volume and strength. For 
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under water or aerial burst Aluminum will extract the Oxygen from t!.e 
water or air without robbing the explosive, because Aluminum is inert, 
as far as the actual detonation is concern d, it will reduce tlie 
velocity of detonation and hence the brisance of the explosive so that 
it gives best results when added to very fast explosives such as RDX 
and in the proportion of 18 to 20%. 

Because of its affinity for Oxygen and the fact that it is under¬ 
going continual oxidation, Aluminum is essentially unstable and in¬ 
creases the sensitivity of explosives in which it is included. It will 
also increase formation of Ammonia in combination with Ammonium Nitrate 
and water (sec Ammonals), The following table will compare the heat 
and gas volumes of regular and Aluminized Fxplosives: 


EXPWSIVE 

HEAT 

Cal/gram 

VOLUME OF GAS 
CC/gram 

TNT 

924-1040 

728-640 

80/20 

1250 

900 

RDX 

1250 

900 

TNT/Ai 67.8/52.2 

2185 

267 

RDX/Al (-7.3/32.7 

2340 

407 

Ammonium Nitrate/Al 59.7/40.3 

2181 

5<n 


Heretofore the emphasis in military explosiv'-s has been on veloci¬ 
ty of detonation, or high peak pressures, the effects of which are 


ordinarily expressed in terms of brisance. As a result of air oper¬ 
ations over the European Continent it has been found that, while a high 
peak pressure is desirable, a .mslained impulse over a wide area causes 
a greater radius of blast damage. This sustained impulse has been 


increased by the adaition of Aluminum to explosiv.;r,. The effect is to 
greatly increase the strength without materially affecting the velocity 
causing a tremendous increase in sustained power. Thcj effect might be 







compared to taking a ISO-pound fullback who cwi run the hundred in ten 
.J seconds and increasing his weight to 210 pounds and decreasing his 

speed to eleven seconds. It is obvious that while hia initi^ striking 
force would be slightly reduced, his sustained drive aiid power would be. 

p 

greatly increased. ' * ‘ 

The following table will compare peak pressures and inpulses of* 
certain explosives using 100 as the value of TNT: 


EXPLOSIVE 

PEAK PRESSURE 

IMPULSE 

Torpex** •’ 

122-1/2 

127^1/2 

Kinol* 

112-1/2 • 

' 115 i 

Alumatol* 

110 

^15 

Composition B 

110 

110 

Ednatol 

107-1/2 

110 

Amatol 

95 

87-1/2 

TNT 

*100 

100 


• Indicates aluminized explosives. 

Aluminum is frequently added to explosives to increase the incen- 
diary effect caused by the explosion. 

9. MISCELLANEOUS INGREDIENTS 

a n tim ony sulfid e - This is a fuel used in most primers. It 
burns readily and gives a long hot flame when used with Potassium 
Chlorate. 

LEAD. SIJLFO CYAK' ATE - Used the same as Antimony Sulfide but to a 
lesser extent. It has a low ignition temperature (190°C). 

L.EAD CHR O MATE - A fuel used to slow down the burning time of 

delays. 

CARBIDE - A gritty material used to increase the 
sensitivity of friction type Primers. 
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I* )RlJNpUH - A gritty ra^erial used to increase the sensitivity 
of fr^tlon type 1 rimers.j , 

F. TETRACEHE ~ An explosive which is more sensitive than Mercury 
;Fulminate and produces a large flame. It is too weak to be used alone 
but is used to lower the ignition temperature of certain Primers. 

G, MCWTAH OR LIGNITE VA X - This is a coal tar product used by the 
Germans to desensitise explosives. It is white in color but quite 


often the explosive in which it is used is dyed for identification 
purposes. 
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SECTIOu i 
LOW E»'LOSI V'Ei:. 

While Bonb Disposal Personnel are mainlv interested in High 
Explosives, their clean-up operations will incluie iisporal of quanti¬ 
ties of artillery ainniunition. Therefore they should o', faniljar with 
the various types of low explosives which are ourrontlv '!•■•?! as pro¬ 
pellants and pyrotechnics. Failure to appreciate the characteristi'* 
of Black Powder led to one fatality fiere at the school. 

We shall first consider the qualities desirable in a fjcod pro¬ 
pellant and then discuss t};e two types of propellants with these in 
mind. 

1. Controlled burning; 

t 

kny good propellant should produce lots of hot g^sos which burn 
at a controlled rate. For example, our guns are designee to withstand 
a niaximuu gas pressure in the bore Just ahead of the powuer chairler. 
This exerts a higher and more uniform pressure, all the way to the 
muzslc, than would occur if tne oeak were reached in the powder chamber. 
Therefore, it is desirable for the propellant to attain a n iximui 
pressure by a gradual and pro^lressive ri;.<? in presr.ure. Control of 
this pre.'sure lies in the composition of the powder, the form or 
of the individual grains and siso or dirennions of any particular forn 
of grain. Granulation dvter''iiios the area of the burring S'*rfice of 
the grain. This in turn controls the rate cf conbustiou ana thru tuat 
the pressure. The prop' llunt must be atlaptable to this sort of control. 

2. Sensitivity: 

The propellant shouId be readi ly ignitable but safe to manufact'.r-", 
transport, load, and stor*-. 

3 . Stability: 

The propellant must be able to withstand long storage und..r aU 






climatic conditions without deterioration. 

4. Residue: 

The exploded propellant should leave little or no residue. Unex¬ 
ploded powder will corrode gun barrels, create smoke and reduce ef¬ 
ficiency. 

5* Manufacture: 

Ihe process should be rapid and the raw materials plentiful. 

6. Erosive action: 

The burning temperature should bo kept at a minimum to prevent 
erosion of the gun barrel. 

7. Plash: 

The gases of explosion should be kept as cool as possible to 
prevent muzzle-flash which will indicate gun positions. 

8. Detonation: 

The propellant should be incapable of detonation as this would 
burst the barrel of the gun. 

SECTION II 
BLACK POWDER 

Black Powder or Gunpowder is a very old explosive, I’he Chinese, 
Arabs and Hindus all used it in early times. It was probably developed 
as an outgrowth of the combustible qualities of Potassium Nitrate with 
a combustible. It was nentionsu as early as 660 A.D. and was used as a 
propelling charge as early as 1313 ^^nd in blasting as early as 1627. 
In fact up to 1830 the word explosive usually implied Black Powder as 
blasting agent, propellant and bursting charge. 

1. Properties of Black Powder: 

a. Black Powder is manufactured in shiny black grains. 

b. The ingredients are usually Potassium or Sodium Nitrate, 

Charcoal and Sulphur which are incorporated by wheeling. The charge is 

pressed into cake and grained to the desired size. The grains are 
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glazed with Graphite to prevent caking and accumulation of static 
electricity. 

The Potassium or Sodium Nitrate (75^^) acts as an oxidizing agent 
while charcoal (15%) and sulphur (10%) are combustibles, .Sulphur also 
lowers the ignition temperature from 5^0°C to 300°C. It takes fire 
first and communicates it through the mass. It has collodial qualities 
and fills the spaces between other components. It also acts as a 
catalyst and reduces the solid residue. Potassium Nitrate is expensive 
but only slightly hygroscopic so is used in Fuse Powders while Sodium 
Nitrate, being cheap but very hygroscopic, isused in blanks and spotting 
charges. 

c. Explosive Properties: 

1, Black Powder is extremely sensitive to heat and fric'/ion. 
It will ignite from the slightest spark and burn with explosive vio¬ 
lence. It is insensitive to shock but should be treated carefully 
because in the field it is difficult to disassociate shock and friction, 

lii 

It ignites at about 300°C. 

2. .Black powder is inferior in strength being only 55% as 
strong as TNT. It evolves 700 calories and 300 cubic centimeters of 
gas per gram. 

« 

5. It has a burning speed of 1-10 centimeters per second 
at pressures up to 30,000 pounds per squard inch, the burning speed 
can bo controlled by the following means: 

a. To decrease burning speed: 

1, Increase compression - This lessens porosity and 
hampers penetration of hot gases. 

2. Increase grain size - This causes degressive 
burning and slows the wave of ignition from grain to grain. 


57. 










3 . Reduce time of incorporation - This prevents a 

V n 

' thorough integration of VSi?5redients. 

4. ' IncreoaC amount of powder incorporated at a tine 
This serves the sane parpo^'e. 

5 ., \ncrease anount of inert retardant such as asphalt 
or moisture - This. » auses the powder to burn irregularly and leaves a 
large residue. 

6. Reduce percentage of oxidizing agent or increase 
percentage of Su.phir at expense of Charcoal. 

' 7. Ise a less efficient oxidizing agent such as Barium 

Nitrate. 

). To ncrease burning speed: 

1. Increase confinement which increases pressure and 

heat. 

^ 2. Increase temperature - As the ignition temperature 

is approach id the ease of ignition is increased. 

3 . Increase atmospheric pressure which acts the same 

as confinement. 

4 

4. Decrease the grain size - This tends to make tho 


powder n* utral burning and increases the snecd of ignition from grain 
to grain by reducing air space. 

I. Because it is very hygroscopic, Black Powder is unstable 


unless moisture can be completely excluded. It can be destroyed by 



dumping n water. 

2. (omparison with desired qualities: 

£. Controlled burning: It is difficult to control the burning 
speed accurately and hence the ranges of a shel 1, propelled by Black 
Powder, would not be accurate. The gas volume is satisfactory. 
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b. Sensitivity: liiack towdt-r is too ea-:;.\ to i'iute and I 


L ^ 


fore unsafe. 


c. Stability: Its hygrosconicity makes it unsatisfactory fro*- 
•this standpoint. 

d. RjsiJuc: llla'ck Powder leaves a large amount of sbl'id 
resioue causing corrosion of the bore and much smoke, 

e. Manufacture: The process is easy and cheap rawMt erMs 

are plentiful. .. 

f. Erosive Action: Black Powder has a fairly high- temperature 
of ccmoi’stion (2f00 to >800°C) which causes erosion of the bprS. 

p.. Flash: It projuc s a brilliant flash. 

• h, tetonation: Dl'jck Iwer cannot be d‘.tonated. 

5 . Present Uses: 

It can s'en thhlaBlack Powder waenpone todieffiDleni as a 
propel la:’t and has largely supei*ceded hy dmokeloss Powders for 
that purpose. How-ver, it is a very imoortant explosive, being used 
universally for the following purposes: 

a. Primers and ignit-rs in artillery shells, 

b. Delay clom'.nts in fuzes, 

c. Expelling char/,<- for shrapnel, 

d. Saluting ana bJanK fire char>>fs, 

e. Spotting ciiarg's for practice amniunition. 

f. Bursting charge for U.S. Army ^7 KM Low Explosive shells, 

g. Propellant and lur-tinp charg- in U.S. I'l-avy 1, 5 6 

pound shells, 

h. Iropellant in I'.S. Navy 40 1'. shells. 

i. Burster in U.S. Arsy incendiary ammunition, 

j. Safety fuse (burning rate i ft. in 50-40 secs.) 

k. .linck liiatcli (burning rate '»0-1,U0 ft. U’-r sec.) 







SECTION III 

■ nitrocfl'JmCoE explosives . 

The effect of Nitric Acid on cotton was first observed in 18':58* 
Guncotton was produced in 1848 and Nitroglycerine in 1846. Around 1880 
the gelatinising effect of combining Nitroglycerine and Nitrocellulose 
was discovered and led to the production of Blasting Gelatin, which is 
still the one of the strongest explosives known. 

Smokeless Powder was first used for blasting but was gradually 
developed as a propellant to overcome the objectionable features of 
■Black Powder. About 1886 Pyrocotton, Cordite and Ballistite wore all 
developed and gradually replaced Black Powder until at present all 
nations use some form of gelatinized Nitrocotton as a propellant. 

This type of explosive is referred to by -/arious names as follows: 

1. Nitrocellulose - Any combination of Cellulose and Nitric Acid. 

2. Nitrocotton - Nitrated Cotton. 

3 . Pyroxylin - Nitrocellulose containing less than 12% 
Nitrogen. 

4. Pyrocotton - Nitrocellulose containing 12-12.75% Nitrogen. 

5 . Guncotton - Nitrocellulose containing 13%ormore Nitrogen. 

6. Collodion Cotton - That type of Nitrocotton which dissolves 
most readily in a solvent. It usually contains 11.2% to 12.2% Nitrogen. 

SECTION IV 
SMOKELESS POWDERS 

Smokeless Powders are forms of Nitrocellulose Explosives used as 
propellants. They may be divided into two classes, Single and Double 
base Powders. 

1. SINGLE BASE POWDERS 

A. Properties; 









1. Single base Powders are amber, rro™ or black in color and 

-ire manufaciared in flakes, strips, sheets, pellets or perfor.ated, 

% 

cylindrical (.rains. Tre grains usually have one or seven perforations 
to control ibe burning speed. The single perforation grain is used in 
small arms while tncse with seven perforations are used in largei* 
calioer weapons. 

2. Tlie manufacturing process includes the following steps: 

a. Purification of the cotton. 

b. N'ilration with Nitric and Sulphuric Acid. 

c. Dehydration ry replacing water with Sthyl Alcohol. 

d. Pf rmat'of a colloid by addition of Ether and more 
Alcohol wi.icn act as 'oivents, Ihis step includes incorporation of 
other ingredients which ?.ie necessary. 

e. Granulation ‘y ;re‘’sinf through sWel dies. 

f. Solvent recovery, drying, blending and cutting. 

g. Glazing wit.; Graphite to prevent accumulation of static 
electricity and caking, (foi’ .imall arms only) 

3 . Ingredients used in the manufacture are: 

a. Cotton or wood: Cotton is preferred because wood is less 
absorbent and requires longer to nitrate; it is harder to purify after 
manufacture; it requires more acid a:;G is harder to purify of foreign 
materials. It las c<-rtiiin advantages, however, being purer, less 
dusty, more eaoilv aried, iiuclvcs less shrinkage in manufacture and is 
n;'re easily reduced to pulp. 

b. Diphonylanine (DPA): Acts as a staPli:ior by absorbing 
1 itrou.-. fi.res given off by decomposition. Alout K is used. 

c. Dibutylpthalate- (DDT): This is an inert material used to 
cool gases and reduce m' izle flash. It is oily and also acts as a 
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waterproofing agent. It reDlacc'C volatile solvents and maintains 
norin&l baring rate which is increased when vclalile matter is lost. 

vi. Dinitrololut-ne (C'if): Acts as a coating on small arms 
powder to control burning rata and r'duce hygroscopicity. It displaces 
volatile racftter ard, being explosive, compensates for addition of DBT. 

e. Trinitrotoluene (T!;!):- Same as D';T. 

f. Triacetin: Acts as a gelatinizing and waterproofing 

agent. 

g. Centralite: Acts as a gelalinizinj- agent, stabilizer and 
flash reducer. 

h. Vasalire' Su^biiizes and cools. 

4. Explosive r rcptrti_s: 

a. Single Ease Powder is rather insuiisitive. In fact it is 
difficult to ignite always r^rcuiring a .Black Powder Primer and in 
larger ammunition a Black ^.Vvvr Ig.iit t. It ignites at 

In the open Singl 3aes Powder burns very much like Cellu¬ 
loid. Seeminvlly this explosive is very S'lfe but the fact should not bo 
overlooked that, although it is used a" a low explosive, Single Rase 
Powder is an organic compound and will detonate if burned in large 
quantities or sympathetically from the detonation of other explosives. 

b. Single Base Powder is stronger than Black Powder givio-*' 

off loco calories and %0 cubic centimeters of gas per gram compared 

with 7C'0 calorics o-nd 3 OO cubic centimeters for Black Powder. 

✓ 

c. . Ii .laa .0 burning’sp‘'ed.'of.(i.l-to‘13 ceatiihoters per 
seoond at pressures up to CO.COO pounds n.r square inch. The burning 
scced can be- cortrolhd by th-? following means: 

i. Variation in the rize and shape of the grains incl'uding 
tne number of perforations. There are three types of Single Base 
Powder; (1) Degressive; (2) Progressive; and ( 3 ) Neutral 'Durning. 
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■ a. nriihe»feunnaflCSBcfface*'-decreaaesaa3l’ihebbnrEii|i^ 
continues, it is a degressive turning powder and the burning rate is 
decelerated. 'Ibis type of powder has nc perforations. 

b. If the burning surface remains constant, it is 
neutral burning and the burning rate remains constant. This type o» 
powder has one perforation. 

c. If the burning surface increases, it is progressiy • 
burning and the burning rate is accelerated. This type’.pf'ppwddrrusuall]^ 
has seven perforations. 

2. The web thickness or amount of solid powder between 
burning surfaces, the thicker the web, the slower the bBrning. 

5. The percentage of volatile, inert m'tteriils and 
moisture present. Volatile and inert materials have a greater effect 
than water because they use the energy of the powder to burn theiiiselves. 
The following table compares water and other r;.aerials according to tm 
units of energy used: 

1 

2.5 

.?.5 

4.0 

5. Single Base Powder is fundamentally unstable and dtcor.pos'-s 
in hot, moist storag<s It is hygroscopic although not so much as Flack 
Powder, nitrocellulose in the presence of moisturr hydrnlizes to fre-;? 
acid which takes the form of Oxides of Nitnogen. These Cxidcs acceler¬ 
ate the decompos.iticn, building up hei.t to an ignition tenperaturc ani 
spontaneous ccrsi'U.'aior results. 

B. Coraourison with desire<l qualities: 

1. Controlled burning: The burning rate of single b-'se l-nwd'r 
can be absolutely controlled to a point where- the naxirun propelli'.g 
effect is oblain'=‘d. 

2. oensitiviiy: Ignition is difficill and the pow>r is r >f-.. 
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3 . stability: The powder is unstable but this can be con¬ 
trolled. 

4 . Residue: There is little residue or sriokc. The powder can 
be balanced fo,r complete combustion. 

5 . Manufacture: This is complicated but safe. Raw materials 
are plentiful. 

6 . Errosive Action: Single Base Powder errodes the bore but 
not quite as much as Black Powder. Its combustion temperature is 2700- 
55OOOC. 

7 . Flash: This is caused by hot gases which take fire when 
they come into contact with fresh Oxygen at the muzzle. It can bo 
controlled by adding cooling materials to the powder. 

8. Single* Base Powder can be detonated and has a velocity of 
4600 meters per second. However, in actual practice this is rarely a 
hazard, 

C, Present Uses: 

It can be seen that Single Base Powder can be manufactured to 
eliminate the objections to Black Ppwder, For this reason it is the 
United States' standard propellant and is widely used by all other 
nations for the same purpose, 

2. DOUBhE BASS POWDERS 

This form of Smokeless Powder is known here as Balliatite and in 
Britain as Cordite, 

A, Properties of Double Base Powders: 

1. The color ic- :‘:ray-grec*n to black and the forms are the same 
as for Single Base P^v-ders. 

2. Tney an* manufactured the same as Single Base Powders except 
that nitroglycerine is need as a solvpnt instead of Ether and Alcohol, 

In the manufacture of Cordite, Nitrocellulose and Nitroglycerine are 
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dissolved in Acetone which then evaporates., The same inert materials 
are used that as for Single ease FowJer exceot for Cordite which usee 
Vaseline, The f.’itroijlycerine content is usually 

3 . Explosive Properties: 

a. 'DouBiePSase-Powdensaare’more sensitiveithan SingledBase 

Powders igniting at 150°§ They will also detonate more readily 

than Single Base Powders. 

b. They are stronger than the dingle Base Powders producing 
more gas and exploding at higher temneraturrs. 

c. They have a faster burning rate which can also be con¬ 
trolled (see Single Base Powders). 

4. The presence of Mtroglycurin- eliminates hygroscopicity and 
stabilizes the powder. In other words the oowdor has an active stabi¬ 
lizer and solvent. 

‘B. Comparison with, dosirtd qualities: 

* 1, Controlled Burning: Burning can be controlled ns witn 

Single Base Powders. 

2. Sensitivity: Tnis is grtat,*.r but not so much so that the 
powders are unsafe. 

5 . Stability: Double Base Powders ar- stable anddonot requin.- 
inert ingredients which rtduce ctrenHh. 

4. Residue: Sinct ther*: is not so much int rt material there is 
less solid residue and corrosion. 

5 . Manufacture is much th-. sam*;. Howev-.-r, it is significvr.t 
that Germany is now running short of glycerine 'indisusiri substitutes. 

6. Errosive Action: This is increased because cf tne- hifier 
burning temperature. 

7. Flash: This tlso increase* for in*- sine r-e^son. Cooling 



agents can be added, however. 
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8 . Detona.tion: Double Fase PcwJrrs are more easily detonated 
than Single Base Powders. 

C. Present Uses: 

• • 

All the Warring Nations use Double Base lowuers as a Standard 
Propellant except the Uiited States (Cordite is the Standard British 
Pro^llant). 

We use Ballistite in Mortars where the confinofnunt is not as 'reat 
as in the barrel of e gun and a faster burning powdi^r is required. 

We also use it in special snumiuition, such a:. *'ockcts, for the 
same reason. Double fese Powders are more officit-nt than Single Base 
and evidently foreign nations feci that this outweign.; the objectionable 
features of errosion and flash, 

SECTION' V 
PYROih'-liN'ICS 

Latarrillly ; thettc-rm";Pydot\Sohiiic..pta‘it'ains bo; fi’reworks.r • Array 
nomenclature designates illuminating devices as Pyrotechnics. Thty 
include Signals, Flares, and Photoflash Bombs, They are raanuftolured 
from the following components; 

). Fuels such as Aluminum, Magnesium, Sulphur, Asphalt, ;nd 
resinates of Calcium, Strontium, Barium, and Copper, 

These materials are the combustibles which turn when suppJicd with 
Oxygen. They correspond to the Charcoal and Sulphur in -d 'Ck ; owner. 

2. Oxidizing Agents such as fotassiura and Amraoniun i vrchlorate; 
Barium and Potassium Chlorate; Barium, Potassium, Strontiu*’' and Sodiur 
Nitrate and Chromates of Btrontiura and Farium. 

These materials supply the txyg*.n for combustion and in so'ie cas-s 
act as coloring aAento. An increase in the ianourt of oxidizing sg< nt 
increases the burning rate and omdlepowtr of m. . nixtr'r . y 
corresnon'd lo the Nitrates in Flack fowdep. 




3* Coiorifsg Agent? such as ferium (green), ftrontiun (rec) and 
Copper Chloride; recinates of Ctrof.tiu i and Cor'^er and Soaiu?! and 
Strontium Nitrate. So;ie of these raterial also act as oxidizing agents. 
When this is true the color can be adden without affecting tne burning 
rate and candle power. 

4. Retardants, Binding and Wateroroofin,' Agents sues as iisphalt. 
Paraffin, Sulphur and resinates of r.etals. 

It can ue seen that these materials are essentially forms of Black 
Powder and should be nandled as such. 

Flares and signals are not dt.-;igr/‘d to cxplcse out to burn iror 
periods of a few s'^conds up to severTl minutes giving off light mo 
heat of intensities up to bCC.OX cmil” now* r. 

Photoflosh Por.l 3 on the ot!:'r I aru burn witn t:<r*l'‘'siv*; violence 
giving out 300 < 000 , 0 ij 0 c'’ndie pow-r in .Irp seconds. Tnic amounts to 
an explosion and for tlr I revison they arc dt-signalud as borps. 

Pyrotechnics *.rc all fundrvntilly a.:, r. nsitivt iS Mack PowdiT to 
flame and friction. In adoition, if the 1 yrol'.cnnic contains M* .'-m,'iun. 
Magnesium cva re-.ct in the crcscrce of rairturt to form Migensiuri oxid* , 
liydrogon Ga.r and h<at. irogf-n Wid oxy./r, form an exrlOiiv*,- mixture 
which c''n ignite soon tan-our.ly. 

It c-an be 3e*'n li.^t th at* .-. .t-rials r*r d n-'erour and csn"cL I-, 
inerted by removing tlm- fuc'. They should n^wr b*' orvii. J ^ut should 
be destroyed in place by (i'*molilion cr dumping in larg*.- bcai's of w'-t«-r, 

Plarcs c^n blind or kill by burning an., bavt bitn •'sown to x- 
plode. 


Photoflash Borbs -ar< as dang'Tois to nersoiuiel 
Bombs. 


i'i*. t. ryplo-^ivi 


An example of a typical [laic follow.; 






Green Flare 


Barium Nitrate 

»»— 

Magnesium 

30 . 3 % 

Aluminum 

15.25 

Sodium Oxalate 

18.85 

.Castor Oil 

1.C5 

Linseed Gil 

1.05 


100.05 


SECTION VI 
INCENDIARIES 

Incendiaries are being widely used in this war. 1: rv>’*lity, they 
are a fotiii of Pyrotechnic but are not designed to f'xnloJc or to .'ive 
light but rather to burn for periods up to fifteen (!'>) r'inut.s riving 
out intense heat. 

The three main incendiaries are; 

1 . Thermite or Thermit 

This incendiary is used by -ll nations. It consists of Iron 
Oxide/Aluminum 76/24 and burns with a temperature of 3000 ^ 0 . 

2. Thermate 

This is a United .States incendiary designed to lower tre 
ignition temperature and increase the burninc speed of Tnenite. Its 
composition is: 


Thermite 


ac5 

First Fire Charge 


205 

Sodium Nitrate 

505-} 


Aluminum 

455 ) 


Sulphur 

7R“ 

45 ) ■ ' 


Linseed Oil 

15 ) 



1005 




Black Powder 




1/? 





3« Slektron 

« 

This is a ^ernian trade name for an alloy consisting of 86/14 
Aluninun/Magnesiun.* It is used by all nations as a casing for incen¬ 
diary Bombs ird burns at i^OO^C: 

Magnesium by itself burns at 4200*^0 but cannot be used as a casing 
because it is very reactive and therefore unstable. 

There is an endless variety of incendiaries used for various 
purposes but oractically all are based on the combination of Aluminum 
or Magnesium 'ind Oxidising agents to control the ignitabUity, burning 
time end temperature. 
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SECTION I 

> HIGIi ENPLCSIV'ES 

High Explosives may be subdivided into two classes accoraing to 
their sensitivity which in turn governs their use. These classes are: 

1. Primary High Explosives 

These explosives are extremely sensitive to shock, friction and 
heat. They will nett burn but will always detonate if th-y are ignited. 
Their strength and brisance are inferior but are sufficient to detonate 
secondary high explosives. Because of their sensitivity they are used 
for this purpose. 

2. Secondary High Explosives 

These explosives are relatively insensitive to shock, fri'^tion ami 
heat. They will usually burn rather than detonate if ignit'd in small 
quantities in the open. In fact burning is one of th' best m^titods for 
destroying then. A small quantity, 50 to 100 pounds, can be srroid out 
thinly over the ground and ignited by means of Urtrainiof^eKcel6i•l'•r 
aatoratled: wiitti;:kerosene.. . Horsnilyl thtfe expldaivk^ wid 11 burn inittpelrjtnnjml' 
engaged in this operation, should bo prepared for a detonation. 

There is a certain tenperatur' at which all explosives will 
detonate. They may attain this tenp-’^ratur*, from '.xt'/rnil he:t or fr r. 
their own burning. For this reason, uombs shcul ! not i- turn'"! <•.jt 
with oil soaked rags or Thermite unless th? s ;i!ie pm-cautionr,, oruinariiy 
taken for the demolition of a berb, are obc rvH. No explosivewill 
normally stand the heat of Tn'.rmite without at least a parti tJ 'jf't.,- 
nation. 

Secondary high exnlosiv's ar^ ns o is boost- rs and lur'^tirr 
charges. 






se'':ti()N ri 


THE DPLOniVE TR.'J'.' 

Frir.ary r-ind riocnnd'iry t ir^h Exploriv s ir*:- ccniblnod, for military 
ptirposcs, into want io kiu'wn '-.t an explosive train. This may be 
defined as a s' i‘i< s of stops oy v;hic!i a small initial amount of energy 
is converlfd into tnc lar^'e amount of onorfy noce33ai*y to insure a high 
order of detonation for the bursting charge'. 

Fundanif’ntally ah expiasivt train consists of a primer, detonator, 
booster and bursting chirgc. This sequence is often interrupted by, a 
cl* lay bit ?3 this does not 'liter the basic concept we will discuss it 
lat'T under the subj*ct of indivicun], national, explosive trains. 

In CTdi.r to xpl tin this rrinoipla kt us assume'- that we have a 
2COO-pcund bomn filled with TMT and that cur fu'se is the firing pin 
typ''. Obviously IMT will not ddoiiatc* from the stab action of a firing 
pin or it would tic 'inrafo to use in large quantities. So, because our 
initial source of energy is the friction or percussion effect of the 
firing pin, w< must step up this cr.‘'>rgy to a point whore it will 
•if tonat" TUT, This is .iccnrrl;''.h».d by means cf an explosive train. 

The first canp.vunt, or orin.r, than must consist of an explosive 
which will dotcnite from the stab lotion of a firing pin v/ith sufficient 
vioh'-nrc; to detonate the s-cond coi.pcn'^ nt. 3u'''h an explosive is 
cxtr<:*mcly sonsitivo but noi violent enough to insure a high order cf 
di lonation for the hurstir;; charge, at K’ast in quantities that would 
be safe to uso. 

The second oemponont, or detonator, must rfdily detonate from the 
action of the prir.ir rnd, at th*- s me time, dovelon sufficient cnerov 
to detonate thi third oomponent. ::'*re again, a v*''ry sensitive exolosivc- 
is r«.-nuir*.d .although not as sensitive as th*. primer. While sucii ar 
-?xploriv<. might d ;lon'ile the bursting charge, the quantity necesrarv 
■Vobld*.'».\ke''ti\»ii binundlon -.insafe. 











For this reason we incorporate a third component called the 
booster. It is intermediate in serta’itivity. It viil readily detonate 
from the action of the detonator, develop a high degree of power to 
insure a high order of detonation for the bursting charge and, at the 
same time is sufficiently insensitive to be used in fairly large 
quantities. 

The fourth component is the bursting charge itself v;!tich is 
readily detonated hy ihe booster. 

This sequence cf conponente is analogous to the ignition of a coal 
fire. Everyone realizes that it almost irnossible to ignite a piece of 
anthracite coal with a match yet wc require a match, or; some similar 
form of heat, to start our fire. Therefore, we use the match to ignite 
paper. It is possible to ignite coal with paper but not in any quan¬ 
tity. In effect you would get what might be described as a low order 
deflagration. Go we use the paper to ignite wood which will form a bed 
of coals and give us a roaring fire immediately. 

In this procedure ycu can comnare the match wilu the prim-'r, the 
paper with the detonator, th-, wood with the booster, and the cool with 
the bursting charge. 

In each case we start off with a very small quantity of a very 
sensitive material and gradually incr-asf our quantity and decrease our 
sensitivity ending with a very large quantity of a very insensitive 
material. 

SECTION III 
LCADlMd EXPLOSIVES 

After dp<'iding on the best Military Explosive for the purpose in 
vievf, it must be lovb .1 into its container. In most ammunition it. is 
desirable to load the explosive at a maximum density for the following 


reasons, 



1. linsilv is the controllirif, f'rctor in v^lccity of detonation. 

2. Other Lhii.'s bvir." ire j^r'iter the d'.nsity th*.; more 

exiloriv* -ii d !,‘n.c U ' xorr* povv< r w^ n •%: in the snr.re provided. 

If dinoity ii lo'/ w. miy hiv‘_' c'lviticc in tne cn'ir^t vdiich mv; 


H. Misfires if the cavities are around the booster or permit 
the chnrre to aeve ciKay from the booster. 

b. Low ord*,r of detonation if the cavities prevent the propa¬ 
gation of the ..etvP.atin/, wi-t. 

c. Prcmaiure deton .lions from set back or set forward if thr. 
ch rgc can movr- within tiie container. 

4. "‘ioh density decreases sensitivity: 

To obtain th' naxinur. d.nsity nest cconovically, cast or melt 
loading is usre. ry tnis methcc, th: explosive is melted and poured 
into the anni:''ition aro '-llnwed to cool, recently, by using preformed 
pellets with th-: melted explosiv.-, wo have cut loading tine, for the 
on--ton homo, :'ron t'.r-e davs Ic three hours. 

An '• Lt-rn ili ve thod is press loading. By this method tile 
explosive is powdervi and np'ssed intr the container by a ram either in 
ihe powd.r form or viih a lubricant, such as Graphite or Gtearic Acid, 
to c ist* the ■’ciior. cf tu- r *r,. While it is possible to obtain as higii, 
or hi'her densities ly rresu loading, the process is a time consumer 
and would S'.riously affedi nroduction. 

A third mt tnri is ’■'xtrasion, a method by which the explosive is 
fed into a honne r “nd <.xtnided into the cont''inor by a screw which 
cxt‘'-r.ds inside of the contilritr. This netliod is used to prevent 
hygroscopic fxniosiv-'s from coming into contact with the air. 









/ * For special purposes it is conetiines undesirable to have a max- 
iniuw density so the explosive is poured into its container in powdered 
or flaked form or pressed lightly. 

Examples are: 

1. Poosters where greater sensitivity is desired. 

2. Land Mines.and Grenades where greater sensitivity and a less 
violent detonation are desirable. The latter prevents disintegration 
of the casing into too many snail fragments. 

SECTION IV 

RECKilREKENTS OF A GOOD MILITARY HIGH EXPLOSIVE 

Before selecting an explosive for us-^ as a booster or bursting 
charge, the following characteristics of the explosive must carefully 
weighed. 

1. Velocity of detonation i s the most important characteristic. Wien we 
stop to consider the fact that a pound of coni has five times the 
energy of a pound of explosiv*', it is easy to see that the speed with 
which energy is released is all imoortant. This is of special im¬ 
portance' from a Military standpoint because Military Explosives are 
detonated in the open for the most part. They must detonate rapidly 
in order that they may attain a ma:<i:’ium gas pressure before the gases 
are dissipated in the atmosphere. For example, let us assume that a 
2000 pound bomb is detonated by a nose fuse. If the explosive detonates 
slowly the expanding gases from the nose will start toward the objective 
before the tail part has detenated. However, if a fast -cling explosive 
is used, more of the explosive will hav^■ detonated before the gases 
begin to expand and a larger amount of energy will he delivered at one 
time. -Therefore, the faster the explosive tli'- mor> violent its action. 
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2. Strength i*; a^so a v€-ry important factor. Granted an. explo®l^ 
has an adequatr velocity, tho more energy it liberates the greater will 
be itr cover. Strength is of primary importance when an explosive is 
confined, as in underwater ammunition. Here the water confines the 
'.'arcs arid pernits a piaximum pressure to be reached without dissipation 
oven with slower acting explOv^ivcs, Incidentally, an explosive is four 
and one half tines nore effective when it is confined. It acts like any 
other force. If an explosive detonates alongside of a building the 
surrounding air Joes not supply a resistance equal to that of the 
building and tin greater portion of the explosive force will be dis¬ 
sipat'd '‘nd comparativ*-‘ly little of it will affect the building. In 
actual practice this tendency is offset by using very Large bombs. 

i b.-nsitiv~i t y is of almost equal ir;porlance. The explosive must be 
safe to nanufaotuc' , tranrport, store and load. It must be bore safe 
in the cas.-. of shells and 'rmst b* safe to jettison in the case of 
bonis. At the s.uv; tin- it must be readily dt.'tonated by the-action of 
a sinta;i]e f'xplosivt Train. 

4. Gt li i 1 it y is -always important but it is especially so in .this w-ar 
with fightinf taking .olace ali ever the glolo and under all climatic 
corditiops. 


5. Hygrnrropicity must i«:- considered because of its effect on otabilUy, 
n.'.iUvity, V‘*kK'ity ind Strength. 


Ib-ltiM, in irnorti’U considering the desirability of cast 

lo'ding. Ill - M--lUnf -inint rhould be between 30*^ and lOO^C. If it 
m- Us lowtr than th* n i.. a tendency for the explosive to cxuuo 

i]nd« r hot s’orafe conditions. If U is higher than iOi^C the explosive 
c'imot bo melU'd by hot w'*L'.'r. The use of other forms of heat is 
d.ng-rour pirtir ilarL. as J.rompo-ition oftrn takes place at L mper - 
tiircs move 
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7 . Reaction with Metals is undesirable but not a controlling factor in 
the selection of an explosive. 

8. Availability of Raw Materials is a prime consideration. The best 
explosive knovm cannot be used if its raw materials are not plentiful. 
For this reason many reserve explosives become first line explosives 
during wars. 

9 . Cost of Manufacture i s not too important in time of war. However, 
if other factors were equal, it might be the deciding factor. 

In the selection of Primary High Explosives the following factors 
must be considered: 

1. Sensitivity is of prime importance. The explosive must be as 
sensitive as possible compatible w'ith a decent degree of safety in 
manufacture, transportation, storage and use. 

2. Velocity of Detonation dogs hot need to be as high as for 
Boosters and Bursting Charges but the explosive must attain maximum 
velocity of detonation in a very short column since very small amounts 
of the explosive are used. 

3* Strength is not a factor but the explosive must give a long, 
hot flame on detonation, 

4. Stability is even more important than for Secondary High 
Explosives. A low order of detonation for a Primer or Detonator can 

cause the entire bomb to become a dud. 

5. Hygroscopicity , therefore, is also extremely important in that 
it affects stability, sensitivity and velocity. 

6. Melting Point is not a consideration, 

7 . Reaction with Metals can be readily avoided. 

8. Availability of raw materials is important but to a lesser 
degree due to the small amount of explosive used. 

9 . Cos t of Manufacture is not a factor in selecting this type cf 
explosive. 
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bEcou; V 

A TABLE OP Hiai EXPLOSIVES 
GIVING A COMPARISON OF CERTAIN CHAHACTF.RIKTICS 

In order that the raore important characteristics, of the more 
commonly used explosives, nay be discerned at a glance the following 
table is presentcxi showing the explosives in the order of their sensi¬ 
tivity. 

The figures used were obtained from a variety of sourc'*s. Infor¬ 
mation was often conflicting but every effort has been node to use the 
figures which are most nearly correct. 

An attempt has been nade to comp'^re the explosives showing their 
relationship to TNT, the characteristics of which art well known. 
While there nay be sont disa^r.<*crnt concernin^ the actual figures, 
there can be little or none concerning the relationsnip of the various 
explosives to T »T, ietryl '•nd Mercury Fulminate. 

An explanation of the m^'thod of conducting the tests, from which 
the figure? are derived, follows the chart. 


M 


■f 


CiiMT 


Column 5“ Sensitivity to .'hof'k - The firurc? ar.* given in inrlu'?. 

This t(St is conduct! d by lo 'dinr, O.OR grams of tne exnlf-oive in 
a cup, placing a brans covmr cv.-'r the explosive and tb-ui placing the 
cup, will the cov-.r un, in an anvil, g plug i? placed on top cf in- 
cover and a ? Kg. weirht is dropped on the pin,. The weight is sup¬ 
ported betwe-^n two guides. 
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■SENSITIVITY TO SHOCK 

BXPLOSIVB 

PORIBILA Oil PROPORTIONS 

COLOR 

DENSITY 

(DWP TF.5T) 
I.NCHRwS 

(Rin.F ltH,I.KT 
% TIMF.S AFFECTl 

(») 

(») 

(3) 

(4) 

(S) 

(6) 


■•rcvry Ailalaatt 


Ml tragifcarlna 
LaaM tlfthnata 


Laa4 Aalda 


BIN 


Cyclaalta 


TttrgI 


Nltraatarcli 






c,M(riOj)j(OjPb) 




C(CNjONOj)^ 




40/J7.T/a0/0.$/I.S. NS/SodNit 
BarNlt/Oil/Stabilittr 


Paatallca 


rga> 


aalt 




Talrytal 


Htaaalta 


Hlaal I 




Navlt 


trltaaal 


■aralal 


glativa 


OMnaalllaa C, 


Nlcrla Acid 


Bdaalat 


Trlaanila 


«r 


Aaalal M/M 


Aaalal M/M 


Trlailraaaiaalc 


M/SO • PtW/TNT 


4»/40/l«. AWUWT/ 


7S/S5. Tatr»l/TNT 


(ai,),l«)j(NO,)j 


ai/ai/40/U. IDX/NM^NOj/TNT/AI 


00/14/14, TNT/WD/AL 


00/40, ROX/TNT 




00.1/4/10/4/1/.», AOX/NNT/BNT/WT/ Valiow Orem 
Celtadien Caitan/Oiacthyl Farnaaidr 




00/40, Bdna/TNT 


Picric Acid 00, 70, 00, 90S 
BNP 40, 30, 30, lOS 


White • Crayiih Yclio* 


Pale Yellee - l.iquid 


Deep Yellow 


White • Buff 


White 


(White 


IDi rty White • Bi.i f f 


Gray 


ow 


(Light Yellow 


White 


Gray 


lOreeniah Cray 


ray 


IDirty White • Buff 


100 


100 


too 


90 - log 


90 


1.56 - 1,43 


1.73 



80 


49 


till Drto'iatr 


tt low 


•3 

11.s 

till 

D 




Light Creaa 


Creaia Yel low 


icric Acid 70, 00, 90S 
MNN or ENN 30. 10, lOS 




00/13, RDX/Oil 


M/SO Aaaoniua Nitrate/INT 


91/9, RDX/ller«wai 


00/10. Aaa wi niua Nitrate/TNT 


‘^4"l®®l<"®l>3 




Creaa Yeilow 


Buff . Light Brown 


Brown 


• Dark Brown 


Whi te • tuff 


11 ■ 13 


II ■ 13 


13 • IS.5 


14 


14 


14 


14 


IS 


IS • 16 



. J'l 


0 ■ 10 
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SENSITIVITY TO SHOC< I 

IGNITION TEMP. 
DECREES C 

I?) 

TRAUZL H.OCK TEST 
(STRENGTH) 

CUBIC CENTIMETERS 

(8) 

H 


VEI-OCITY 

HfflH 

HRLTINC POINT 
DCGREES C 


1 

(DWP TEST) 
INCHES 
(5) 

(Rin.F HILI.ET) 

1 TIMES affected 
(0) 

1 

(10) 

(12) 


1 

2 

100 

210/145 

ISO 


- 

4700 - 5400 

IS.5 • 22.4 

Explode* 

Pria* 

1 

■nmHH 

lUO 

180 

515 • 600 

1 

IS.6 

8400 

60.0 

13 

Doubt 





























































































































































































































HP 



6500 


55.0 


Drconpatra 165 
















































































































































































this laeihod tHe distance, through idiicb it is iieoessary to dr0 
the weight to secure one detonation in ten drops, is deiemintd in 
inches and given as the sensitivity of the explosive. 

The figures are of value only frosa a conparative standpoint and 
will vary with conditions. They are difficult to duplicate. The 
figures given in column 5 ore the c<mcensus of many figures and are 
calculated to sKow the sensitvity of the explosives compared with TST. 

Column 6 - SensitivUy to the Impact of a Rifle Bullet. 

This test is conducted by firing a .30 caliber Rifle bullet from 
50 yards at the explosive which is cast in capped iron pipe of about 
1/8" wall thickness. The results are normally expressed as; 

1. Number of trials. 

2. High Order Detonation^:. 

3. Low Order Detonations. 

4. Number of times the explosive burned, 

N*irober of passes or times in which the explosive is unaffected. 

From a B.D, standpoint, we are interested in the number of times 
the explosive is sffecled. This is expressed in s percentage figure in 
Column 6. 

Column 7 - Ignition Temperature - The figures are given in degrees 
centigrade. 

This tost is conducted by loading 0,03 grams of explosive in a 
gilding metal shell. The shell is immersed in a Woods Metal Bath 
150/25/12,5/12.5 Bismuth/Lead/Tin/Calcium) and the temperature which 
will cause flash or explosion after five seconds immersion is deter¬ 
mined. The five second interval is allowed to permit the heat to over¬ 
come the resistance of the explosive and to thoroughly permeate it, 
raising the temperature to a flash point. 

Since the timo and area of expooure affect the flash point the 
laboratory results are giv.n to the left of the block and the lowest 
flash Inriperature reported to the right of the block. 5-,, 







Co linn ^ - iraiol CionK - Th-- f./jr^o ar. i. oioic i.- 
neLerr.. 

This tool io conduct ni by wrnprin* 10 grains of explosive in tin 
foil ard loading" in a cylindrical hole, 125 ‘'V 25 HM, in a c;>Iinwi’ic«-J 
lead block, 2C0 I'M by 2C0 MM, ana lainir/; with sand. The explosive is 
delonatt^d and the volume t f expansion caused by the detonation is 
reas'iPtd and fiven in cubic centimeters. 

This figure in reality measures the strength of the explosive 
rather than tlie brisance. however, if the block is sectioned it can 
indicate tie brisance. If the nole is eilarged only at the bottom it 
indicates rapid dotor.ation which affected only the part around the 
explosive. 

If tt.e hole ii- enlarged all along its length it indicates that the 
explosive reacted slowly, blowing the tamping out of the hole before 
detonation was conpldt.-d end thus affected tho enl’re length of the 


hole. 


Colunn 0 - 'Jdlistic Morf’r Test - Figures are percentages using 
Thf as 10. 

The t'Sl is conducted by wrapping iC grans of TVT in tin foil and 
shoolin;^ It in a rt-‘-‘'l mortar susp'^'nded on a pendulum. The deflection 
of tnc mortar is mvas'ir 1. T.ien the 'r<T can be compared with other 
>'xplesiv?a bv r.asurir,^ th< d-. fleet ion caused by 10 grams of the 
'O.plcoiv. s in quvsticn cr measuring the amount of explosive required to 

tbt car.' d'ri'ctior- a.- iO grams of TN’T. 

In--' results iri giv u in r' rccntag>=-s of TMT using the latter as a 
base b^^ 'uuse of its uniformity of action. 

Column 10 - V.locity of I'cloration ~ Fi'urts are in meters per 
s< CO^'C. 


Cd. .. 







Ifliis lest can be conaucted by ‘wo mcthc is. Ihc ' iMelhi-u 

is the most accurate. It uses ’ a steel cylinder with a smoKed 
surface rotating at 100 meters per second relative to a plvatinum point. 
The explosive is loaded into a cartridge and two copper wires are 
passed through the explosive at a fixed distance apart. Eac’n wire is a 
closed circuit. The explosive is detonated and as each circ’.it is 
broken in turn the platinum makes a mark on the cylinder, h.cause the 
qrlinder is rotating at a fixed rate of speed and ihe tastancv b*. tween 
the wires in the cartridge is known, the velocity of dotcr.ation can bt 
calculated. 

The second method, or D autriche deihcd, in'^olves the comparison 
of the explosive under test with the velocity of Primacord Detonating 
hae, which detonates at 6200 neters per second. 

A measured length of Primacord is laid on a lt>d pi't<^, and thvr 
center point or "C" is marked on tlse pinto, -oth ends vf ihe Primacerd 
are inserted in a cartridge of the explosive to oc t-sted. The distar.’.v 
^Upattilnlthe cartridge- is. moASured,and-calIrd dA3l’. Tn*. cartric f. .i' 
detonated and first leg "AC" and then leg "bC" of th« 'Yimacord is deto¬ 
nated by the cartridge. The two explosive waves in t;U' Prinacorc 'vot 
at some point "D", which is on the plate between "C" and "3", and 1 avv 
a V mark on the plate; 

Using this information it is nossiblc to co.-;p".te thv of th'-- 

unknown by the formula: 


THE Rh.’E OP DETO‘JATIO.^1 PI TilE COKD 


iquals 


OP DFTvdAIIf 
t F a UFKVf.’V 


Distance CD 


lU Ad 


This method is accurate within 












Column 11 - Relitive Brisance - The fi.'ures are grans of sand 
which will be curshed by 0.4 grams of the explosive. 

The test is conducted Ly loading C.4 rrars of the explosive into a 
gilding metal shell. The shell is placed in a bomb cor.taining 200 
grams of Ottawa Silica sand which will pass through a twenty mesh 
screen and be retained by a thirty mesh screen. After firing the 
number of grams of sJind that will be sifted by a chaker through the 
thirty mesh screen, in three minutes, is mc-arurcd and given as the 
brisance of the explosive. 

This test can also b-^ used to determine the initiating value and 
the sensitivity to initiation of c-xplosivcs. After the brisanci. of 'in 
explosive is determined th*.* number of grams of initiator required to 
reproduce the figure* (i.o. to give a hi/a onn r of detonation) will be 
theAissiltivifyvbf the'^-xpioslve'to initi?*ion nd at ttvejsfine lime the 
initiating value of the iritiator. 

Column 12 - f^vlting Foints - The figures ire given in dc' rees 
centigrate. 

Column 15 - Functional uses of the expinsivc. He principl:? iisc- 
is given first. 


^'.1. 





i I S' FXPU'IIVE-: 
oi i 

yir'*^ Fv r u...... 

* 

.•'c.-'tir;' Fulnlfiete Ij ti glGO-»t Itiit.ator. It was discovered in 
17^9 ^nd r»./elop*f! b" Nobel in l .*’^4 *»:; a.i Inltiitor for dynanlte* 
.!iriC‘' that tlit it bar or on wl'lel;' nr n <*xnIo 3 lv<^ but at 

pr^'stTt it is 'oif j; replaced li>’ oth'ir 'XplfCiv«'?. 

1. rro),c’rti''js; 

u. lercupy. ytjliirit< i;". wi i»; »■ «i p*r. .'it In actus! use It la 
■i;;*ial!y ffMyiuh j" Ikw. It 'iiSC-ilcPL •it.’i d tcricrcttlor, 

i>. /a Vercur.v Fulifi.int; vil. ? •. *. “'fit it la rffs*.-! oaded, 
u.iually at ^C•>^ poii;:ai f^.r .ru I*;. •• wi'h . o rslty of ^.‘T. 

r. It i;j 'nr •!!atii.T' • 0/ dlBcIvin,; 'pcury In ’itric Acl'J and 
adding, tbe tf^Iutii/r 1 

ft, I xi'Jojiv,' ! rop^-rtloo: 

1 , Mtrc iry i-’u l'nlnnt<, is ••xtr< "i*. !y •-• raltlv- to a’tiC''.', 
fric'.it.n ana heat, it:; . -f.rltivity ircr jr t.i'.r. tht cr:'.;tal .tizo 
to inert-aj' in irt'-Tiitl . tr'<:jo. . !(. Ar-y : • - .fl- r ^ ivivl''u:'. <11- 


tnension of 0.1 d" hv wiicl. ’n If t .'’I'-.rc ir 


»H 


it O'tor,at's at to ll /'.' t’.nl'r 'ondi tl“:..’.. 'W-vct, 

it cm bf' ft'.'id pr- 1 ;t nr-. li |-i i-c':, ir. t in Cf-n- 

aitio:t hot vi'.l not tt<'v-tr ito into t int.rior porllo’. of i: 

cv.plo:.iv. TiC It will t .1,1 vi’.‘'O .* . tr/,;-. •I’rmoT it will ditOfiPt • 
frnT, “ y.rtc’iry I-j'.'-it! t pri r . p-. 

It jar, 'v!.'*o -!■ I'-fitt' fr(,:’t iti ir i- 1 !y I-• lls-tisr,' of 

nt.'ilio '.’IfoiriM ty fr-n •• p* fS'.r! ! vi’.'i /<'ltj or If-U, 

71,0 pr-.' O' f ny i'-.;.i.y' . 'it', ■; ■■’i 0, vii) inf-r- lOf 


1 tr S'.rini tlv 1 * * to 1' ir o. 







*t‘xn rnanuf^cturid it is nci crl*.d ;ut ru.r*:i u;:c.r v-.i.r in lin n 
baga. WhlJt net solubli lit wAivof h;a'rnfironln, it I? r.u. r» pMbl'. 
nolatiiro nrid tlie proa nc - o'* 1% rolr tiiPt ; f r ^ :it frr"- 

flanv - •.di.i’ry siiock# In tr»la coinMtlon it ;.“v rMll i'. 'ivto:.nt«d 
oy J.’ - ?; l!!iiri:r»,. 

1*. Murcury Ful-inate la inferior in air r.^,Ll |. in 
'’8 'is iIT. I'hla la not lirportint in an inltljitvr. 

I «'P'_vir> riiJ?nlr?.i*> h •.« a velocity of /i7C0 to m-. i-.-pb 

ocr aeconc \ Ipi. in'?*- fli^tipc of to i dep' ntllrn* on the 

'ienBlty. 'iMs in aufflclt-nt fop an '.fficienl Iriii stor, 

k, . 1 . •■'ty lubilnatt Ih »*,. ,'i It a prif'p ani doionutcr in tb' 
^xpioali/* .'in. \s ^ pfi.'.tr it is r-, ••! -U '/i*)! if t"..'»I urn 

Ciilorete .and Antln»»ny .'.siriJ' ino pilt«* '/it:- n ivo. In 

Chlorntft will orit'l.;'’ ti.i. curcon I- t'. coi'poiti.a 'o C'Peon Mcxla. 

I liiCPt^^slnf, 1.1.co»npl'.t*-r. of cor’, .nil on ..itd tr;. < ffij) ncy of tn-. 
•xploelvc. All lixlurc Ib conrl'i p'n rfst • fiicnrt, 

Spi’clfIc us 8 follow: 
a. Unit-id .'l- 


1. iTlr.orr - rpi-'tion Typ'- --*(,1 r. :ry -.I-^ir.at./Fof'.n.ni"- 

ChloPat''/Antlnon.' u'jlf -...v ...'n'':'/.:. 

i V Pf'fi.iIcn '.'ypc - ; . .. Pf. ipy '•ulninat'‘/r otaialjn 
Chlorate/Ant iinonv liilfide I*;!-".^i 

>< pcupy Fulrilnal' /Hf^miur. ^t lora*.- ’i /!-' 

MtP'''-.py P'iirln'‘t /i oi .aaiun ’* lor • /Ar.tir-nny .’nli'i.: / 

Ground Glaao/Ghf ll-'o .^9/l4/.;l/V./.,'. 

1. i/rtor..;t''rs, - "'-1 ;r'’ii’.a I", d In 3''r, .»pny .nd '.’'wy 


detonators. 


CopV, 



inncf. or ftan* . -if i-t v • n r.on'.h*' "t *.hi Irl;;irxe (Jt'C'r‘®-* 8 <.n 



Best Available Copy 


ViIl' -Vioun^’.’/ 'V J'-IC yt.iJr:t,j:'j/o;iU^u:trvj 



ruioj;' !y, {.j'r.* 



Qi lor*. »,«:*/Ant I no/O' .'iiriu- /'..f','Vi». 



J!' •' il.4. I ■ . i'j i ; irtorjjtlc • ik ; »t unr,uit^.lo ir-r us* Ir ihv 
rof ir.,. 

Tjie i-.'.i l!i ii TiOK-.t'.io will f-r* furctlonlnjj i« usually l«- 
'• 'll H it, ic ir.ti i clrij/d container. I'rl:i^r mixtures 

f o'llitriin,; i'i.t*\cni'jn Chlorat,r .we f’y*;roacoplc. 

4. M.'rcjrj Kulmlnalo repots rapidly wlt>; Aiunlriurti .ind Kagneslunt 

HD! !ov’!y vj tS Confer aiifi Irpner y\lloys« "he rc-cMon vny take one ol' 
r'V'T'l f'T':;: :iz: 


l.)v. nr.; 


1, X.iy iitv'k Cepn^r caurln; It tc become Lrlttle. 
b, Acirity r.«v ''t fl lerieritlon ond corrosion of netalSt 
:. jr free .icrf .ry l.^ f r* «<•'t it "jy forrii tinal^ams wltn riotal.o 
. ffici'fic;, of 1..* : 

I. letior. wi!!. - po r My * rr “iltt .ivn^Ulve than 


f^crc jry IminHlf itrr If, 

Tl:' -oPo/e r a-'.ior. .jcccleroi-d y tb*: preH-rnc*. of moisture# 
y- rciiry !’j 1'in »t" i.. h : !• J int* :orp'r containers and protected 
fror, with tr < r.etol :,y iac-ju r. 

‘s r:ur,v Ful lirot ir ‘.onpor* 1 by a noJ'ition of liodlun Thio- 
. 'ilf'it r;.: i.'i i:-In ! i'. A;.r.oM';r, 5.;;dror.l‘'i-., Pyridine and Potaynium 

Cy^iTu.i*'. 




W 

(D 

CO 


y rmry F.ilr.itrat vo3 ur«o very wl;ely Ir. the past for the 
f'*! l'’wir,,‘ r inono: 

•*. It is tti'. O’-]’; 'ixplosiv* known wbich can act as Primer, 
tor!at'''r ar'J ooitv r in ,re -har^r, 

b. It i/.niles easily from flnnc. 

c. It d*'t')nster. r‘*i'lily from Impact and friction, 
c. It proJ'iCM*- a i'ood fla-tc. 

It is Ifin^ almont cor.''I'.t*:ly rrplactd as a detonator and to a 
laft? ext nt ar; a rrir.'^r for the following reasons: 



a. It to % a^rii-stratCkic p*ctnl ii. tine of wr^r (eaf.eclally 
true of U,S .) 

» 

b. Jt will no’ dctoriAte ciat . T ••nc r,xnlo<«lv? "D" (unleas* 

an 'inaafe quantity ia. uaeJJ ‘ ' 

* 

c. It becores dead pressed at pounua oer aquarc Inch, 
yet It is desirable to load cetonaters nt lu.COC rcur.ila per square 
Inch. 

d. It la unstable ano affoctod by nolature. 

e. It is not *6fetfficierte ,:.i*‘-. 


ivr:. AuiPL 

f i -v, 

Iiead^\£ide.;fnrf.r.'’.cp« t.tr ivluito: fener^inu^bsi* 

It WSJ discovered i:i is'.d first in tnlu countr,\ in and 

produced coriitorciHll;- by 
1. rrofcr* icc: 

a. Le'.d Arldr* in a white to buff cxplntlVw although it may 


O'.cone grayish .-rown fron expor-urc ic lifnt. 

b. liinco it uoea net r-'it it in pr-scsod into its container 
(Sencral ly at 10,000 pourda p*-r sti ip. inch and with a density of ’,9, 
It cannot be dcaJ pressod. 


c, Lend is on of »/ f-w vrplosiv:-? which contain no 

Oxygen me t*-’. d( Iona tier ir:/''Iv<., r.^ cent, intloii. Tn r-^action is a 
'. reo.i.rtown into l<;'id 'infl hitre' ri '.c-co-ir..ni. >i 'ry iirrnt heat. 

■!,"rd Acid is a ev-.pfjna of I i.l m.*. Nitrci.;o:i ritnufactiirod by the 
r'action rf Todiu.’. (.'•o-iui;, ,Vcr:onia ar t Citrons Oxi'’ ) and LctaI 

AcMi't. Itr cryn’.' l d'.i.rity is '*,.71, Its -cfr-.l aci;i?lty will depend 


on In. Ic-'idiriH prcsa-ip 


Best Available Copy 




d. Explosive I 

1. Load Aiilde l.i extremely. sonPitlve to shock, friction and 
heat. It is tran.srortcd end :<t >ifJ t;?'!« rw.;t< r to re''j‘j '’0 dan^^'^r of 
Iflnltlon. 

Its .'f.-n'^iti Vi ty to imouct cop'T.ds O’l the crystal cist . If the 
larter.t limonslon of t'lch crystal la ov< r 1 I*' It will det rate spon¬ 
taneously. Inin is dut tc an ir.erraca in Ir.trrreil Ptrts.os, ."he Armv 
spc'Cirics a fraxHup; dlmenslcn of U. 1 EM in which slse It hasa*drop.tr.-.'T-t'. 
of 

It rcfjulrco a lieat of to /50"*1 to detonate and will always 

detonate i» ignitec!. It will not burn, ’’rcr! those flfjiros, it cati o*. 
seen that wliile !,*'dd Arido i? lose cirsltiv*- than -If roury f ilninato in 
ov< ry respect, in th.v fiolJ, voth s'k.-;!-! bo tr'-t c wit. toinl care. 

2. L-'od Aziu. i? ir.f-ricr in sirfh,-1‘- (/.GJ of '..'.T) t.ut this 
Is not a factor in primry ■ xr-Icnlv . , 

5. It f.l''it a rat' cf 4^00 tj 'CC/ nL-t' rr n-r s*:cc*? i 
(4o00 at ‘.I? dfj.sit;,) with a Iriranc fi'-.T' of 14 to 1', This is low 
but sufficient for 'in initiator. 

P. L* ad Azicii- i.'’’ u"'d l ot*, -in a rri’-.r and dvtorialor. As it is 
not sufficl'.ntly r.cn. it.iv, v-ith-r to stau '^ciicn or flaur to injure 
1004 operating wffici'.-ncy it is usually used with ether Inj'rrdi nts. 

J.'ormally it is us. d as a friction r>a*; r ir. in .a n. rcussion 'ric r 
with the addition o.'’ A.'.iimony .''•ulfide, r’e-tassium Cnlcrat*. ir. ; :n 
abrasive. 

As a detonator it is generjlly s-nsitiz- d by thu ucditior of Lf .c 
Ctyphn-ate to lower the i,;nitlor. t rp ratur;. 

Specific uses follow: 

i. 'TLaiers: eest Avai'ab e 

1. Urlt'C T,talcs: 







i'- i i / , 1 > , . ! ‘ t' . I .1 I li 


1 !i< . 



Percus.'ion P pt, - 
Sulfide/Ground Glass 33-6/14.5/21.5/JO.f*. 

Priction Tyn.* - L-v.d A/iu^/'ot )ct in.; O'lorato/Antimony 
5ulfid;/'.''.rborundu.Ti 28-1/3/33“!/3^3.'“!/5/S*- typ^* is ilso" r,2nsi-tiZ'’'C 
by Lcaa ovyphnato. 

2- Britain: 


Friction Type - Lead Asid*?/Anti.~on.y O.uli'ide/I c-tas.'^inm 
Chlorate/Abrasive. 

b. Relays: 

1 . I'nited States: 

1.54 grains pressed into an ainrr.inum cup at bOOO pounos 
per square inch and covered with an onion skin. 

c. Detonators: 



I 


1. United States: 

\ 3~1^‘ grains of Lead Azide or Load /.zide s- nsitized bv 

> 

Lead Styphnate. 

2. Britain: 

Lead Azide sensitized by Load OtyDispa-.o 

3 . Russia; 

Lead Azide* s.-rsitized iy L.-*d Atyphn-tc 

4. Germ-any: 

Lead Azidu/L^ad ftypin.ato 60/40 

Lead Azide/Lead Rtyphn-te l#*;/--3 

Load Azide/Leid rtyph’Mt'^ 14.4/0?,A 

L* ij Azid'/Ajili lony S:lfioe/Alrasive H2/7/11 (prin«r- 
% 1 k ‘ tonator) 

Italy: 

Ltid Azid /L*.*ad Ctypi.ntt-- nn /40 
A, Oip'in: 

L ad AziZo sv'i*;. Tl -k Dewier R*>! -v. 

f.u 








Lead A^ide is entirely stable under thr nost adverse sloiafje 
C)nditione. It will detomte with as much as 50^ moisture present. 



n 


! ) 


After not storage it becomes sli'J.tly more i-ensitive to soock. 

4. It reacts onlj witn Copper, to form super-sensitive Copper 
Asides, in the presence of Caroon Dioxide and writer. For this reason 
it is pressed into aluminum containers. 

1: it is cjeeomposeo by ari Aiamoniuin Ac'^^tate solutiofi cr DicMorodi-j 
ethyl htn-: r and destroy.-d by a dilnts solution cf h'itric or Acetic j 
Acid to which a little :.c.dlun Vi irate has been anded. 

C. Lc'iO Aziif' over.'’’ . .f all ine dlradvantages of ‘ v-rcury Fulminate. 
In addition, aliioj h bris ince figures s..ow ''’(.rcury Fulminate to be 
slignlly sup'.ricT 4iZi Of, the la*ter is a muen more efficient 

d'-ionator. 7. ■ fJlowing t :.l< will illiStia’c thi ■■ •'oint: 


Mir.inur rhir,' in frr cf; 


'•1eT''ur-’ 'li-iraU 


t'qiitmo ic i.etonate 0.^ grams of; 
i c, tryl.. icric’Acia frinltroanisole 


. 4 


ad A.’.ic.- 


.C'> .a- 


This 'fficivrc:, is du» th tne fact that Lead Azide attains its 
mixinur v< lr.cii^ of loiaiicn in a shorter colunr than Lercury Pjlmi- 
n-it-'. Tills rer-.iis a on-'-thiri reduction in tor. amourt cf the detonator 
anu th'. jSv of a Icn.-r column of l.tryl. 

Vic di? ;ov-.nlatits of L- A'id*' are its lack of sensitiviiy lo 
siel ''ctior a'd Tla’i-. and t'--. fa''t ‘hit it does not prcouoe -i fo:,-d 

t A • 


ii • fn t tvo oc‘J‘’''.tons are t-asily oliniiu-ter but llercury rulr.i- 
Ditfe is ’t.'i^rally us-d whe*' flmr? is a-'sired is witn d-lavs. 









SKCTION III 

LEAD TRISITRORBiSORCINATE 






C 

C) 









Cf;':(':C2)3{02Pb) 

This explosive hss been widely used connercially and as an iniator 
for foreign Military Explosives. It has recently been adopted by the 
United Stales. It is more frequently called Lead Styphrato. 

1. Properties: 

a. l.ead otyphnate varies in color. It iray be pale straw, deep 
yellow, orange yellow or reddish brown. 

b. As it does not melt, it is pressed ir to its container. 

c. It is manufactured from Trinitroresorciuol IStyphnic Acid), 
Sodium Carbonate and Lead Nitrate. It is the lead salt of Styphnic 
Acid. 

d. Explosive Properties: 

1. Lead Styphnate is very slijjhtly less sensitive than 
Mercury Fulminate (2" to 3" drop test). Its sunsitivity is consider ’’ 
erably increased after two months' storage at 

It detonates from temperatures of 20c” to 240^C. 

2. It has about the some strength as Load Azide. 

3 . When properly primed, it detonates at about 32 OO meters 
per second with a brisance of 21,4 compared with 20.3 for bercury 
Fulminate under the same conditions. However, when ignited by flame it 
has a brisance of compand with 17.b for Mercury Bulninatc. 

Sinci.' our detonators u-i.aliy Ut tonal-.* from ignition, it cun be 
seen that Lead Ctyohnate is not -Miffici'^ntly powerful to be used 
as a detonator by itself. It cannot dttoriate TNT, Tetryl, FFT.«i or RDX. 

2. Lead Clyphnate is used in frim* rs ».itlur us tht main explosive 
or IS a sensitizfi*. H is ua<-d in c- lonators to lower the ignition 


7 » 
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temporalur' of Lead Azide. As a Primer it gives a v.>ry loon flmtt*' 
Specific uses follow: 
a. United States: 

1 . Primers > Friction type - Lead Azide conpotiilon senti- 

lized by Lead Styphnate. ’ * ' 

2. DetOiiators - Lead Azide senaitlzed by Lead Styphnatw* 
h, Mr I tain: 

1 . Detonators - Uad Azide sensitized by Lead StyphnaiOt 

hussla: 

1 . Detonators - Lead Styphnatc over Lead Azide. The ex¬ 
plosives arc in two layers rather than nixed, 
d. Italy: 

1 . Detonators - Load Azide/Lcad Gtjphnr.te ?5M5 


e. "jcrnany: 

1 . Primors - T .e standard electric fuze primer consists of 
Le-'d Stypl.rat^'/Guncotton 94/^- formed into a paste with Amyl Acetate 
solvent and beaded on to the ignition bridge. 

Examples of other primers - Lead lityphnato/Tetrazlne/Antlnony 
Siilfidtj/CTlcium SiUcide/Parlum Nitrate 57.5M.2/7.4/12.4/56.^. 

Lead Styplmate/nariiim Nitrate/Cnlcium Slllclde 49.1/35.5^ 15*4. 

Lead Dtyphnate/Nitrocellulose 8^.7/11.3. 

liead Styphnatc/Oxidlzin,* Agent/Zuitlmony Sulfide/Abrasive. 

Lead Styplinate/Sarlun Nilrate/52.1/47.9. 

2 . Detonators - Load Azid'/Load otyphnate 60/40 or 55/45 fire 
th'’ standard German detonators. 

> Lc'ad Styohnale is entirely stable in storage. Co9'^ 

4. It liris r.o reiction with m(*tjls, 


"i. It is soluble in Acetone. 


c\ 
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,6-. As a substitute for Fercury Fulninate in Primer Compositions, 
Lead Styphnate offers: sensitivity, stability, a good fl'we and it is 
aiade from hon 7 Strategic raw materials. It is worthless as a d' tcnator 
acept, M a sensitizing agent. 
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AROMATIC NITRO CCHPOUHIB 
' SECTION I 

•TRINITROTOLUENE BASED EXPLOSIVES 

1. TRINITROTOLUENE 
C5H2CH3(N02)5 

This explosive, generally called TNT, was used industrially es 

early as. 1891. It was adopted as a shell filler by Germany in 190? 

« 

the U.S. in 1904 replacing Picric Acid which gradually assumed the 
status of a reserve explosive. 

TliT is also known by the following names: 

United States - Triton, Trilite, Tritol, Trinoi 
Britain - Trotyl 
Italy - Tritolo 

Germany - Sprengmunition 02, Fulpulver 02 
Japan - T>'P« 92 explosive 
Prance - Tolite 
A. Properties 

1. TNT varies in color, from light straw or buff to brownish, 
depending on the impurities present or the length of exposure to light. 
In texture it resembles brown sugar. 

2. In form it may be granular, pressed or cast depending on the 
purpose for which it is used. Its melting point of 80,6 per.-.iits car 
loading. 

3 . It is manufactured from Toluene and Nitric Acid in 0 two or 
three step direct nitration process. Its cast density is 1.^5. 

t 

4. Explosive properties; 

a. I'^JT is .rdlativn-?’insensitive to shock, 'fbiciionl ud 








# 
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•heat. It is considered to have a drop test of 14" ard H wi’J d^-tonatr- 
from bullet impact about 4% of the time. It starts to decompose at 
ir>0®C. This becomes rapid at 180°C and the explosive flashes at 240°- 
28p°C. 

Like all explosives the sensitivity varies with the density, 
l^anular TNT requires one gram of Mercury Fulminate for detonation, 
.pressed requires two grams and cast requires a Tetryl Booster, or its 
.equivalent. On a drop test basis this would be 11", 12" ‘'and 14" for 
the granulsTt pressed and cast respectively. 

b. TNT is comparatively inferior in strength being equivalent 
,io 454 or 501 dynamite and is 65*5^ as strong as Blasting Gelatin. 
This is caused by an Oxygen deficiency and is evidenced by a thick 
cloud of black smoke on detonation (pure Carbon residue due to a lack 
of complete combustion). It expands to 10,000 timi--s its original 
’ volume. 

c. TNT is fairly brisant detonating at 6900 meters per 
second with a brisance figure of 43> 

B. TNT is used by ail nations as a bursting charge in ail types of 
ammunition and in many cases as a booster. At present its use by the 
Axis, expeclally Japan, is drastically curtailed due to a shortage of 
Toluene. 

Specific uses follow: 

1, United States - In the cast form it is our standard bursting 
charge in all types of ammunition except armor piercing. 

In the granular form it is used as a filler for Land Mines and the 

• ■ 

Fragmentation Hand Grenade. It has replaced FC Blank in ilie Grenade, 
producing fragments which are effective for a radius of 1C yds. against 
2.5 yds* fo** EC Blank. 
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.. IS .ULO Uf5d by the Ndvy o -n auxlliarr 


2. Britain - TNT is a standard filler for General Purpose^ 
Medium capacity, Seni-Arwir Piercing, and Anii-subi»rln® BbAbs. - li H 
also used in Land Mines, Pragnseiitation Boi^be, Rocketa.t Surface 
pedoes, and Shells of all types. 

In its pressed form it is used as si booster. . 

5 . Italy - In the cast form it is a filler in all ^yjpeB. ol’ 
ammunition. In its pressed form it is used as a booster for biop^s 
and as a Demolition^Charge. 


In the granular form it is a filler for Grenades and Land Hines. 

4. Germany - Killer tl F?o2 - TNT pressed in cardboard or aetal 
containers - used in chells, Depth Chartres, Land Hines and Demolitions*. 

Filler #4 FFc2 - T!\T loose in paper containers - used In ilrenadea 
of all types. . 

Filler P Fr-c2 - T T pre-sred - Shell filler 
Filler FFc2 - T^^T Cast - Shell filler 


Filler *^14 FKc2 - ThT Cast - filler for Genera! Purpose, Somi- 
Armor Piercing, Armor Piercing, and Anti-Personnel Bombs. 

In the pressed form it is also used as an auxiliary booster in all 
High Explociv. bombs ever 5D Kg. and a;: a Burster in Chemical Ammu¬ 
nition. 


B. Japan - Pressed and Cast as a filler in all types of annm- 
nilion except, bombs and otdy to a limit(-d extent. This includes Shells, 
Grenades, Land >-'inos, and CTiolition Charges. 

C. TiiT is non-hygroscopic and is considered stable. However, it 
can exude. Exudation is caused by Uv, following: 

1. fhe presence 01 impurities in the TPT, from manufacturing, 




"iiidb M IWT, TNB, and TNX. These lower the melting point oelow 80.2 
11)4 canse exudation at elevated temperatures. • 

2 . Ifte use of Alcohol for cleaning threads causes a reaction 
idticfe produces Ethyl Nitrate Gas. 

3. The presence of impurities introduced by Ammonium Ni‘rate 

The exudate is a yellow oily or black, tarry, acidic material 
which will exude through the fuze pockets or base plates. Exudation 
t^es place under pressure if Ethyl Nitrate gas is present. If moist 
AMionium Nitrate has corroded the casing the exudate may carry red 
Mterial caused by the reaction of Alcohol and TNT in the presence of 
iron. The acidic oil may also cause this corrosion. 

The exudate is not as sensitive as T.\T but beiur on U:-. outside of 
the bomb it may be exposed to shocks that no explosive material can 
withstand. In addition it is a dangerous fire hazard, and may be 
corrosive to the booster bolder. 

More’ important, however, is the fact that exudation will create 
cavities in the filler which may result in misfires or prematuro 
detonations. 

The United States attempts to eliminate exudations by using iradt 
I TNT (melting point 80.2°C or above) for loading and Acetone, ii. pl ice 
of Alcohol, for cleaning, arade I TN'T is used for all CiSt explosives 
and mixtures but Grade II (melting point 76*^0 can be used for pre3s*‘d 
charges and 80/20 Amatol in v/hich the Ammoniu*; Nitrate absorbs the 
exudate and low density permits expansion. In addition the insiU' cf 
the ammunition is coated with acid proof paint. 

If exudation is suspected it can fw v-rified by placing one or two 





drops of oxudate in a clear glass tube and adding a conceTiti-.-.iec 
solution of lye (Caustic Soda), Drano, liquid so«^, soap flakes, yellow 
soap, Sodium Carbonate, or trashing powder, A light to deep red color 
trill develop if TNT or TNT exuate is present. 

If the test shows positive the exudate should be remov'd with 
Acetone before working with the ammunition. 

Exposure to light will cause decomposition which will lower the 
melting point to 73*?°C, increase the sensitivity, discolor the TNT to 
brown and cause exudation. 

Di TNT does not corrode metals as such but will react with Alkalies 
such as Sodium or Potassium Hydroxide to produce sensitive salts which 
ignite at 80°C and can explode spontiineously. 

It will react with Amnonia (see An; tolc) to produce n highly 
inflamable material which ignites at 67%’. 

Vith dilute Nitric Acid and lead or iroi^, THT can produce the 
French compound (composition unknown) which ignit-.s on contact with 
Nitric Acid vapor at 100%. 

E. TiiT is soluble in Ether, Alcohol, and Acetone. 

F. The use of Tolune as an explosive represents .? oonipronise in 
utilizing the Aromatic Hydrocarbons. Benzono which nmouc'S T'lb, \ 
more powerful explosive, is difficult to nitrate and NapUr.lcne, which ' 
is^easy to nitrate, produces TNN an inferior explosive;*. Tlif* idvanfu'i s 
of TNT are; 

1. It is easy to nitrite. 

,2. It has a low r;.-iting point for cast loadin.. 

3. It is insensitive to shock -^id easy to dc-tonutc. 

4. It is normally stabi*-. 






5, It is a fairly powerful explosive. 

I tB^ disadvantages are: t 

1. For most"Nations it tends to run short in- time of war. 

2. It is inferior to most of the new explosives in strength and 
brisancei 

3. It is toxic. 

It is highly probable that, in future wars, TNI will assume the 

I^Sition of a reserve explosive or a desensitizer for more powerful 
% 

plosives. 

.2. TRINITROLUENE - WAR MIXTORES. 

For certain purposes it is necessary to desensitize TNT. This is 
qaite often accomplished by the addition of wax. 

A. Properties: 

1 . Color ' Same as TNT 

2. Form’- Usually cast loaded (melting point 85°C) 

3. Manufacture - TNT and varying percentages of wax. (Germany 

uses Montan or Lignite Wax). 

4 . Explosive Properties: 

a. The sensitivity varies with the percentage of wax aiwajs 
being lower than TNT itself. 

b. The strength is decreased in proportion to the amount of 
USX which robs the explosive of Oxygen when it burns. 

c. The velocity and brisance are lik«-v/ise reduced as wax is 
inert and does not enter into the detonation. 

B. The United States has considered TMT with 5*5^ B-.-eswax for Armor 
Piercing Bombs as a substitute for Explosive D. It is reported that it 
gives better fragmentation and incendiary effect but has not been 
adopted to date, Britain has used TNT/Beeswax 93/7 (Yellow to .amber in 




color) in Semi-Arpor Piercing Eo:»it;s. 


The chief uoe, however, has been by Germany in Armor-Piercing 
Ammunition as foilov/s: 

Filler HIO - PP02 plus F? 5 plus FP 10 - Pressed - Shells 

Filler #11 - FP02 plus FPlO plus FPip plus BP20 - Pressed - Shells 

I- 

Filler #12 - FP02 plus FP 5 plus FPlO - Shells 

Filler #27 - FP02 plus FI^IO - Pressed - Shells r SAP Bombs 

Filler #29 FP 10 • )* 

FP 02 ) 

FP 10 plus Potassium Chlorate 70/50 ) Shells 

FP 10 plus Potassium Chlorate 50/50 1 

Filler #50 - PP02 plus FP6 - Pressed - Shells 

filler #101- FP15 A.P. Bombs 

In these German designations, F? 02 indicates TMT while PP5 etc,, 
indicates T^T plus that perconta.^e of Wax. Evidently the booster 
surround is pure TNT with the filler made uo in segments. The higher 
wax content explosives would be in the nose where the shock of impact 
is more intense. In Filler #29i the-Potassium Chlorate is probably 
aided to increase the Oxygon content. As it would increase the sensi¬ 
tivity, the filling is probably used-in regular shells, as an extender 
for TNT, rather than in A.P. shells. 

C. Stability - Same as TI*T. 

1). Reaction with metais - Same as T' T. 

E. Solubility - Same as TNT. 

F. Aside from the dtereasod sensitivity, this-type of explosive is 
not attractive as its explosive characteristics are inferior. It is 
toxic. , 

5. A.MAT0L 

Amatol was developed during the last war as an ejetendef for TNT 
and is still used for tnis purpose. It is called- FulnuIvor by tb 



riinm 



n 


Gerroims; Amatolo bv the Italians; and ShotoyaKu hy the J.;r,anese. 

A. Properties of Amatol: 

1. Color: Amatol is naturally white, to straw yellow in ooior 
but due to the presence of impurities or exposure to li(;ht ami moisture, 
it darkens until it attains a dark brown color. It can be distinguished 
by .firainy, brown sugar appearance. 


2. Form: It is usually cast buo if the Ammonium ‘titrate 
f content is over 60% it will be pressed, 

i! Manufacture: Amatol is a mechanical mixture of Tb’T and 



Anoniuro Nitrate usually used in the proportions of 40/60, 50/50, 60/40 
and 80/20. The first figure represents the Ammoniut Nitrit*. content, 
the actual manufacture is accomolisheci by pouring iimmo’iur. ‘fitiv.tc inlti 
■elted TNT and then pouring the mixture into the iinmunition. '^O/'-’O is 


too stiff to pour so it must be extruded. It is manufactured from 
■W ade II TNT (M.P.76°C). The desired loading densitiv-s are: 



50/50.1.54 

60/40. 1.54 


80/20. 1.33 

• ; 4 

( 

4. Explosive Properties: 

(a) The sensitivity of Amatol is the same as or tJi.i.Lly 
leas than that of TNT. 80/20 requires a drop test of 15" while 40/'0, 

* 50/50 60/40 require a drop of 14" compared with 14" for TNT. The 

' Anatolk will not ordinarily de tonate from the impact of a .30 cal. ciiiliie 

« 

bullet at 90'. 80/20 has a spontaneous detonation temperature of 254'- 

I 

» 280°C with 254 °- 265 ° for 50/ 50* Figures are not avail all ^ for <50/40 



and 40/60. 

(b) The strength of .A-matol increases with ll.e addition of 
AiMonium Nitrate due to the fact that Ammeniun Nitrate saeplies Oxy-Vn- 

. 80. 

, I 













for & more complete combustion. The.80/20 mixture is best from this 

'’i 

JT^standpoint, The strengths compared with TNT are: 

^ 80/20 . . . 117% TNT 50/50 . . • 109^ TNT 

60 /^ . . . 110% TNT 40/60 . . . 108% TNT 
(c) Due to the low velocity of Animonium Nitrate the velocity 
and brisance decrease with the increase in the proportion of Ammonium 


Nitrate in the mixture. A comparison with TNT folsown: 


EXPLOSIVE 


40/60 


YliQcm 

Hetera/^sond, 

6900 


BRISANCE 




50/50 6500 38 

60/40 ^-00 34 

80/20 5400 32 

The decrease in velocity is more pronounced when the TNT content 
ess than 40% due to lowered density as well as to the increase in 


Ammonium Nitrate. 

B. Amatol is universally used, by all nations in all typos of 
ammunition, as a substitute for TNT. Oenerally speaking the lower 
Ammonium Nitrate content Amatols are used in smaller ammunition. This 
is due to the fact that a certain minimum amount of TNT is required to 
sensitize Ammonium Nitrate. In larger ammunition the Ammonium Nitrate 
content can be increased leaving the TNT content constant and at the 
same time having a high order of detonation. Specific uses fellow: 

1* l|Qite 4 , S j ^ ^tes : 50/50 and 80/20 in Light Case, Goner •! 
Purpose and Semi Armor Piercing Tombs. 50/50, f'0/40 and 80/20 in 


Shelis. 


2. Britai n; 60/40 in Gencr'i] Purpose, Mecium Canacity, i'h 


HI. 




Capacity and Anti-Personnel Bombs. Also in Depth charges, Rockets’, 
Grenades, Land and N'aval Mines, 80/20 , 70/50 , 60/40 or 50 / 5 O in Shells 
of all types. 

3* Germany : Filler #13 - 40/60 - General Purpose,' Semi Armor 
Piercing and Anti-Personnel Bombs and Shells, 

Filler #l3(a) - 80/^0 - General Purpose Bombs, Land Mines 

and Shells. 

Filler »8fi " 60/40 - Radio Controlled Bombs, Shells and 

Grenades. 

Filler #? - 50/70 Anti-Personnel Bombs 
Filler #? - 5/95 ^se not known 

German case markings, indicating Amatol, are pink with a blue 

If 

diagonal stripe. 

4. Italy: The Italians are reported as using 80/20, 70/30 and 
60/40 in all types of mnmunition. 

5 . Japan : Due to a shortage of TNT, Japan uses Amatol very 
little, It has been reported in Naval Mines, 

C, Due to the hygroscopicity of Ammonium Nitrate, Amatol is very 
unstable in storage unless it is possible to exclude moisture com¬ 
pletely. 80/20 will gain 6l.l‘/ moisture in two days at 30 ^'C and 90% 
relative humidity. This will not only lower th«3 sensitivity and 

t 

velocity to a point of low order d* tonation or failure, but may cause 
hydrolysis with the formation of Ammonia. The ammonia will nact with 

I 

TNT causing th'> exudation of a brown, oily material which will ignite 
at 67*^C. If this reaction has taken nlace it can be detected by a 
brown discoloration of the explosive and the smell of Ammonia, i^team 
should not be applied to the filling under those conditions but the 
bomb should be washed out with cold water instead. 










Cast Amatols exude the same as TIH. 

D. Aifirronium Nitrate rercLs will iron in Lite presence of meisiur- 
to produce Aramonia. Our amnunition is coaloJ wilit acid proof paint to 
prevent tiiis and protect the casing from corrosion. In the orjsenct oi 
moisture, Ammonium Nitrate will also reocl witli Copper :u. i Copf* r 
alloys to cause a dangerous, blue, crystalline -ixudation of sue*, salts 
as Coppertetraminenitrate. To prevent mcislure from entering o’ r 
ammunition, when Anatol is used, we seal the aimnunitiv'n with a ''N. 
booster surround. 

E. Am.atol ir partially soluble in water .nd very solurle in 
Acetone. 

F. It can readily seen mat Amatol is not ' particularly 

efficient Military Explosive i:nd tnmidoro is used only as a suosti tut % 
it is a strongor explosive th-n T'l' -'.n:: would be more efi'icient tlr n 
TNT if confined as in a cratering char.'e. When shot in the n;).,ri, its 
increased strength aoes not ''cmpcnsitc far its reduced velocity, 
therefore it is inferior .as far as power is concerned. fol lowi;,r 

figures will s<,rvi jn index of its ‘fficiency: 

presrurc. 905 of TN? 


Impulse.'■''’Id TN'T 

Shaped charge cfficifncy.of TNT 

Wal-r shock. . ..of T’;'f 

4. AMMONALS 


Ammonal was an oK: World War 1 explosive which wa not regar-b-d 
very highly due to a failuru to realia-- the < ff:ctivcncas cf Aluminia-.j 
Explosives and the cost and unavaiJ.ability of Alininum. With s-rt in 
modifications it is assuriin,; incrensing import m'cc in this war and is 




i 


used unaer the follr'wini. nines: 







Ammonal, Alnmatol, Burrnwile, Kinol and Toluol Ammonal (Italian) 

■' A. Properties of Ammonals: 

1. Ammonals are usually ?ray due to the presence of Aluminum 
in the mixture. 

2. They may be cast or pressed dependin-^. on the TK'T content. 
Usually miitures containing less than 40% of TNT will be pressed. 

5. The manufacture is accomplished by .’lixinf. Aluminum and 
Ammonium Nitrate and pouring the mixture into liqiiid Th']. If the 
mixture cannot be car-^t it is simply mixed mechanically for press 
loading. 

The following mixtures have been ?.nd are being used: 


NAME 

TNT 


1-ik 

il 

CTIlr^? !j/*‘TEr\lALS 

Ammonal 

' i 

22 


Ammonal 

12 

72 

16 


Ammonal 

25 

5(^ 

22 

3% Charcoal 

Ammonal 

^0 

46 

22 

2% Brown Coal 

Ammonal B(l) 


95-05.5 

2.5-3.5 

2-3?' Charcoal 

Italiem (H-)' 

.) ■ 

• 

CO 

5.5 

( 1.5^ r'r'a:>siur. 

( titrate 

fO.5% Barium Nitrate 
( 0% niack Powder 

Italian foiftol •Ammonal 

30 

47 

20 

3% Cart'on 

Italian Nitramite 
(i) (2) 


7l-’^2 

.:2 

6-7% Pitch 

British Demolition 
Ammonal 

15 

65 

17 

3% CI\arcoal 

British Demolition 
Ammonal 

Iv 

65 

10 

10% Charcoal 

Nobel's 704 

15 

69 

16 


—^man Ammonal 
^(1) (2) 


U.3 

1.7 

6.7i{ hitch 





1 




German Ammonal 

30 

54 

16 


German #19 Filler 

55 

35 

10 


German fllO Filler 

( 1 ) ( 5 ) 


% 

2.5 

{ 55 Napthalinne 

German #15-115 

20 

?{) 

10 

i 2 . 5 ‘J kiodrtcal 

Filler 

Aluraato! 

20 

77 

3 


Burrowite 

74 

16 

10 


Mi.nol 

40 

35 

25 


Minol I 

4fi 

42 

iO 


Minol II (4) 

40 

40 

20 


Minol III 

42 

38 

20 


Earonal ( 5 ) 

35 

— 

15 

5 - 0 * ■ ariun !h t^ai 

(1) Requires 

a secondary 

H.E. 

Fri.-'.'-r to dptf'natc. 

(2) Cn?'slate 

coif r*^ 

s. , 

.ir nf 

tar. 


(J) Lifht gray color, o:lor of nothballs. 

(4) Most popular at pro.’ent in Prttain. 

(51 Pxpcrinfnt.al-de’ii/M-.'i to t.1 ininato Aniio’iim 'atrat*'. 

The loading density of tho Aininonal'. is increased by .iirtitnn 
of Aluminum. The cast c-xrlosivts run about l,( to 
4. Explosive Pro'^ertiur: 

a. Due to th*' addition cf At 1 • irm, Anaonil’^ 'ir" r m •. 
sensitive than Amatols op Mmol Ilbasa < rip fi 'ur.^ 0 / aocut 
10-11" vs 14" for T'.'T. it will octnnalo nf 'h-' ii'^jc fm. a .'u 
c'il. bullet at «0'. Its flash point is the -ane as ^O/'iv A^at..•' 

(254-265OC). 

ii. Do aadition of Alufninuni rainos lh«' ti< .t of <;■ tor't-ii< t. 
around ■lOCO'^P increasing tho .,t'’<‘», th to an a.!Tip< of L, i, rf PM’ ib-r 
Ai.«ionaln and 14^% for Minol 't .1 r' >, 

. ; r ■1. 





l4 
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c. The addition of al'iminuni decreace? \clocity but the 
greatly infcreased strength gives a gre-iter Iri.ance mar. that of 
Amatol. The velocity of Minol II is f400-5700 metres per second and the 
brisance figure about 40 to 41. The Pritish claim their der.clition 
explosive has a velocity of 5300 metres ner recond whicn wouIq i.ive it 
a brisance figure of about 20 . 

B. Ammonals are now being used in three types of firimuration: 

a. Underwater (Mines, Torpedoes and Dept.'i Charges) where the 
confinement of water offsets the loss of velocity of detonation. 

b. Blockbusters in which a sustained and nowerful imniilse is 
more destructive than a hi^h peak prcsEtjre. 

c. Concrete Fragmentation Bombs -a lor^ thf- imnulsc will irrirt 
a satisfactory fragment velocity but will not oulvtrize l'.’- concrete. 
Specifically, A.mmonal has been r'uurted as being used in the following 
aonunition. 


V 


1. United otates: Ammonal ~ In shells for t' sting purpo.> .5 
due to the brilliant flash produced. 

■ 2. Britain: Minol II - Sea I'inor, h-.-pLl! Char,,cs, /»nti- 

cufanarine and H.C. Bombs. 

Ammonal - De.molition and Cratorin Charge.s. 

Nobel's 704 - Grenades. 

5 . Germany: Filler i|fl9 - H.C, Ghtlls 

Filler ilfllO - Concrete Anti-personnel Boml's 
Filler #15-115 - G.P. Bombs 

4 . Italy: Reported as being use-d in all type's of amnuniti.■n. 

C. The Ammonals, being essentially Amatol and Aluninum, h iv.* j 
same type of reaction in the prer.onc« of moi.st’:r-' Amatol. Ihi , 

reaction is accelerated by the pre.ience of Aluriinux and five iir. m th • 
amount of Ammonia is produced. ■» addition, th^ reiciion of Alurin.* 


I 






r—, , - r .1 \ :Km 

and moisture produf'es Hydrogen Gas and Nitrogen. A combination oT 
Hydrogen and Oxygen is highiy infianable and explosive in nature. 
Tnerefore, heat should not be anplied to Ammonal fillings if the smell 
of Ammonia is evident or if a brown discoloration is noticed. Ttio 
filling should be viasbed out with cold water. 

D. The Ammonals ha e the same type of reaction with metal as the 
Amatols. 

E. They are soluble in water and very scluble in Acetone. 

F. The Ammonals (Mi'- ) have become very popular in tliis war, 

particularly with the British, due to the fart that the additior of 
Aluminum greatly increases the power of the e'^plosive. The loss in 
velocity is more than offset by the increas* in gas vnlur.e. -.living TNT 
a value of 100, Kind II has the following properties: 



EXFWSIVE 

PF.g_ 


WATERDHOCK 

V 

) 

TNT 

100 

100 

m 


Minol II 

112 

lib 

133 


It can be seen 

that ’^inol is 

especially 

effective under wat r 


where the water acts 

ar a confining 

medium. 



The chief drawback to the use 

of Ammonalr 

is ir the mnnuf'’ctur‘.* 


and loading: 

1. It is difficult ir secure uniform loading density. 

2. If density is over 1.2 it is diffi''ult to insure hig: 
detonations yet at 1.2 or Icwv.r premature uetjn'itiona fro:'i inoa.t mi.,: ' 
occur. 

3 . It is diffi-:ult *0 kei^p tf.'* ixrdo.'iv. dry y<t, if-ioi'tur 
enters the ammunition, tlie rc.aidionr, oe^rritc l chov. are prnlaj If-. 

4. Thf're is danger from fires iuo ’o i». iffinity of -.lu Mi.un 
for Oxygen. 

‘j. All these difficilli-s may cut the or-.;■! 11 n r.n., hilf, 





5. TRim’AL 


This explosive is also called UV?‘ (Uf der'Aat'T \xploc.ive). 

A. Properties: 

1. This is a ^ray explosive. 

2. It is cast at a density of 1.70 havinf, a n-Itirg ooint of 

80-90OC. 

3. It is manufactured from 80/20 TJiT and Aluminum. 

t 

4. Explosive r-roprrties: 

a. It has a drop te t of 12" and will detonat' from the 
impact of a bullet 3^^ <'f the time. It detonates from tomDeratures of 


240-280^0. 


b. It is about 13% stronger than T.hT. 

I c. It detonates at 5800 metf*r:j per second and has a brisance 

figure of 42. 

B. Tritonal has been used by Cf^rmany and Japan for some tine in 
shells mainly to increase the incendiary effect of the exnlosion. 'a'o 
tried it in Armor-Piercing /unnunition in place of Explosive D, for the 
same reason, but found that it was too sensitive. 

In loading 4000 pound High Caoacity Pombs, for the British, with 
Minol II we ran into production difficulties (see Ammonols) and 
substituted Tritonal. It met with huge success and is now being 
considered as an under-water explosive, ope^'ific uses follow: 

1. Britain: .8ur.sting charge 4000 pound H.C. 8ombs, 

2. tjermany: Filkr HV - EP02 plus 10% A1 - 'f'^VAl 90/10 - 
Bursting charge in Shells. 

3 . Japan: THT/Al f^/34 - .ur'?ting charge in .Shells. 

C. Stability - Sane as Th'T. 

D. p-'^action with notals - as TN'T. 




E. It is snlubU in Acetone. 


P. There hnve hern extravn^ant clnlns ntde for thlu explo.slv 
e»g. it is 00^ stronger than “in; it is equal to Klrol II. 

Navy tests consparo it with Plnol II an follow;^: 


EXPLOSIVE 

WSRGY OP AIR 3LA3T 

F*'ER :f OF kATER SHOCK 

Ninol 11 

135 

1?8 

Trltonal 

119 

113 

It is toxic. 



Cu BARATOL 




This is a British Fr» ive cpnjbinlnc T!.T with -arinm ’Mtrit* 
an Oxidising Af«Yit. 

A. Properties: 

1. The color is t’lb cant no 1\,, 

2. It is ca. 1 t l;'.a<Jod at a Ofnr.ity r.f ^ a 

print of 80-W^C. 

^ 5* Ih is raiiuf.irtureJ fr*ri Kj/\j Ni/i irinn Nitral-* 

4. Pxnlo‘«iv" irf.prtli •: ( ritj .i ..t- ): 

a. lU Gensitlvlty in atoiit lie ramr a.- ricric »\ci » (ir 

test of 12.2"S and C'.n *• ‘'>.re t..i t.v q< I'r'jn Imll'i :■ nt t /. 

of the tine. 

b. It in v''ry ;-;ll.;htl.v inf.-rinr •.'> :n . tr';: 

C. It detonutrn ai. tt r:; p- r an 1 1 - *■ Ijm.-; . 

figure of about 3^. 

Earatol is u.rr*! by th< ’ ritirli in t - v. Xir.t . , ir.^nv: v- 
Antl-S'ilwarlnc ^omh;. 

C. The stability is the sane as 'f. 

D. The r»?actir>ri wii», rntLal;; jr t • •-no ar 

F. It is soluble in Acelon-'. 

■'v F. The Eritlah cl.ain that ' iri r: latr itf irt.i ■, , ; r i- 




i\ab\e Copy 
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oxirtizin^ agont which Uq'-s not rficl vitli nci ilc ard irnon-hygroscoplc. 

^ Also tlie increasni ccnslty of the fil!ift' in pronagation 

of the detonating wave. 

They admit that it Is not as good an explosive as Aiiiatol but add 
that, volume for volume, there Is little alffererioe. 

Prom this it would seem that iJar.ttol la r-f value only an non- 
hygroscoplc, non-corrosive extender for TNI. There la little point In 
aubstltutlr-.^^ a ctrnlght oxldizln.' a^er.t for a oortblnat ion explosive 
and oxidizing agent, such as Ain:ionl«im Nitrate, as tiu. Increased Cxy'en 
does not conpenaate for the loss cf the explosive power of Ammonium 
Nitrate. 

7. HISCELhANKXlUJl TRINIlPOTOIAiF.NS hXPU.'SIVF^ 

A. German Filler 1^56 - Donarlt. 

This Is a yollowlsh, plant)'' Grenade filler mnnufactured fren 
Ammonium Ni t.rate/TNT/!<itrof,..,cerine/Collc*li«'n Cotton/Vegotobl** M* ?.l 
<7-30/17-25/5.0/.2/4. 


E'srentially it in flO/l’r AmiloJ :‘crm<-;l into • nl 'stl'; by us*» cf 
Nitroglycerine arr' Collodion Colton. 11 h m it-out t!»e s'.'lo explosi ve 
characteristics as HO/20 .Ar.iitol I it in moiv reritsitive. 

Tin- O'.'mr'.ns indieue Ix'iiarlt fill d 'Jr'rndf' y ur.ir4 grt-i:' casts 


with a vortical ro'i strioo. 

r. Flurbatol - This is n buff ••xploslv. r■•.tinfactured from ('0/10 
Lead Nitrate md TNT. it hca r;ot be-n ’s*d exetpt oxperlmc'.tidily ond 
has little to recommend it, beina inferior in every n snect to /.riUol 


> 


<0/.10. Itn only advantage in th-.t it is non-hy,*,roacnpid. 

C. The Jen ns have liC'.-vi cominnatlonc of J.T rr.l I ini tre mil in:- in 
Grenade.DNA is a vtry f ?;lilo txplosiv.- .‘nd ine c‘N’r,;t: is orolatly 
usC'; t'j prov.-nt th- forniition of cyee;-.Gively i.j 1 fr .• 

It is n yellow, t-rv 'ocl t-ypl'•-.ive beinf very irs eiuiitive and of 
inf' rior power. ... 


Best Available Copy 
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1. Ti ri.TROt':-' 

r... '»f. . : . 1 

.•:r: 

<; .,c’.r . 

)Auc>/:.> 

) 

i.ii*.il Ir. 

'i-.-veli'p. 

r t <: f tti' 

t.i.ir w-.r, t-i'i 

W'ir i‘ 

ro i now -rfiit t: 


. t ! if i i.r ).* loroi;'I."'iic. In 


r in-- It;.*. !*i r f-*/ i*npli: I(”nd yu Idu 


ii i co::rA:,]y ri T'-tryi in tiii' 'Country •ri;l * ,(Cc''pr?illc.n 

: vnlr^iir,;) in I ril -iri. I**. Ir. krowi ir. T tptlit,* or iyro' it', I*, 
w (ii.-' ov- r Ci ill lt‘7'^. 

A. ■ rc-r rti' 

1, T* tryl ir li/'t bi:ff-t,o-l • cn vvilow i;i 

u. <11 








ii. it is pressed into Itf. ccntainor ;m. o d'-nslty of 1.'// it 

will start to decompose at. lOO’C well Ulow t:- .iclt)*, tx-ini -r 
to I 30 OC. 

5 . It may be marvii '.clured oy nliraiin, Bf-rzen-, tr'alin* wit 
Iron flHnjS and Hydrochloric Acid to forr*! Aniline, snoin -••Miyl 
Alcohol to form Dlriothylanil ino and th* t. nit.i niin * 1 ,-, ' i 

cheaper method is to manufacture Mcthyarin* fren ; •*.h: 1 Alcoh. 1 
Ammonia, treat with Dlni'.luchlorohcnrenc to fi rr; 1 initpom. i .yl fi lit • 
and then nitrate to Tetryl. 

1:.' s»^‘sa - i-'-r loif.tl i-. ;«f. , .ir^ • ■ -.ti ’ 

itun. Graphite Is used In t’'la -■euntr: wMar. ...ly.p, our T-vtryl a .‘nj 

color. 

Stearic Acid has oten tried for this too^, , it ! > *, ’ 

binding agent. It was found, iu'wevor, that r.-t Ir 'p 'fil t M.rti wi i 

melts end coats the crystals to suen an • xtent t. .u ;: ir .• r :!t. 

4. Explosive Properties: 

(a) Tetryl U I nU. modi ate in sen. i‘j vi ty. *hi' it i., • . 

enough In smell quantities such s? a loooter, it wi! i fi final • • 

Impact of a bullet 90-100J of tin tine .an ji .mot I' u 
bursting charge In large cmmunltlon, it haa • or p .■'f r" co: r T' 
with 14" for TliIT. It detonatcr. fror' tfijor :t'ir» s <■ f 1^4 l-i ,if ': , 

(b) Tetryl is stronf- r 'n .n iM'. 

(c) It deton - t 7500 noti r: r r r.<;a ni :-'0 ir.v, : i t i : 

of 53.5. 

B. Tetryl is lui iln. st perfect i,r'> It «•. ti'fi j r* v r . 

the Primary Explosives (.1*'^ gram;*, of rc:r> Fulnin.* ' ill 'i ♦ 

it) and dcvolop.a 8ufflci? r‘t u'rgy t > ir. a hi ori .v cf : i. -.i 

for any of the bursting Sp'.cifif r- f.ill v; 





It United St&teu - Standard Too.' r. 

Puratliig CMi!,- in ; . in MM stmll*. 

2t Pritsin - Standard I<on;-.tort 

Purriwr In Chenicil Ar'-^.uni tion. 
f, Germany - Gub-bocatcr in ..omo arnniit.ltlon. 


Bursting charge In lane ••Inng 
4t Japan - Standard f.ui>-bon:*tnr 

nurnti chnij'n in 2t’ s?, lls 

5# Fueala - locmter 

Ct Tetryl is entirely atnble n-Jt ttc ;;i%eilit> mny be decroag-a 
from contact with Picric Acid. 




D. It nay be nligfitly cnrrit.iivc t' c*!' !. 

E. It is sjol'i'de in Af <*t<‘n‘!, e i/i *••• hy ;r.>l -y b' ili' i'» 'ki 
aqueouc. solution of Todju;. (.irl..'!ift,i' v '. nin i*- i -.iro.' '. *.y a Rol'itioo 
of Sodium ilulflte. 


F. 'ictiyl io a very powerful expl 'Civ"- .-ii it t,. nerc 

cxtcur.ively because of: 

a. li!i hl ib cfvit ef r/m .fa'.-iur* . r< tii- v* >r ii ,1, . 

to $1.00 per pound co"imr'-d wi tu t. » r piv.in! f - r 1 i. ;<■ 

doubt tneoc cor.ta have- hc.ri rcrtu'''d hut t*it rtiio i.: M'* . ly t'l . . 

b. Itu hlj^h tii.ltlni?, peint w:.jc':i r.- t l' Mir;’. 


c. Its s-'nsitlvity, 
Tetryl la very toxic. 


2. TKTRYTOL 


This oxplor.iv'-' v;riiJ orvclcp ’d i( 'iii ■ 'hi 
power of Tetryl and at tin .cc., • tin- !<.w- r t 
londlntj and reduce the ^’-'•llnltlvi ty f -r J.ir • r 
known a:; Tctnitcl. 

P 


to c T i * ; 1 i-.t I / 


V It,ill,' p' ill? f. I ! 
?t'-al' -iv , 

^.^ 







A. Properties 

1. Tetrytol la lljjnt yellow In cclcr. 

2. It has a raeltin,; point cf 6^ to 90^0 and l^ cant loaded at 
a density cf 1.6. 

As used It la j'^nerally na: ufact'iiel fron Tutryl and 

7hT, Mixtures of fOi, 65*5 and 80* Trtpyl and »i0%, -ir.i 20’v TNT arc 
also used to oone extent. 

The TNT melts and diaolvca part of the letryl for-.lni; a eutectic 
mixture of TNT and Totryl and free Tetryl. 

4. Explosive properties 

n. Tetrytol ha? a drop test cf K" an.j will detonate fr'.m 
the ir.pact of a bullet 2C to 55'^ of the tine. It will detonate from 
tempt ratur* c of 179 '- 

b. It is about stronOf r than TNT. 

c. It d^'tonate:*. /-t a vc'loolty of retera per ceconc a* d 
hiis a brisanct* of 50. 

B. The U.r. uses Tetrytol as n Paratreop and ^-.n^liioer I'r-noiiticn 
.'.xploolvc due to ti.-’ fact that 2* los. will rf;Dlare 5 Ibc. of 1“.?. Vt 
also use it in some Ar ’ i • mk Mines arc. a:, a FurUer in Chemitnl 
ar.m'in i tiou. 

Th.’ British use it as 'i 'uritin.' raar.'t. ir '».nvi tone.-* (not .! tld- 
nated) and ns a boo.>ttr with the tliilion of wood v-il to .if ''r »:*,e the 
den-olty and thtreby I'.crcas'; the sensitivity. 

C. It will exude it 

D. It is ''lii'htly * to r.t''el, Aluninu*., •lopni r, and eras.. 

E. It is Eol'.bl. in A*" - tone, 

F. l!u- .tltliiio:, of T‘.. remit-, e.-Jt l'e;diiif- and pirtu*!!-. ; tt 

the sensitivity but its co.st re.mins hl.i. oo'ipar'.u with ''.i, • Ir- tjc- 
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r-en'itivo to ur-'d in lar,H- aDnunition .and it is tc'xic. 

Il is i.:;*’ mar-' < I'ficitviit in d '•d-ir, 1: an TNT. 

:uCTiON IV 

‘JiTROF:!M.0L I ATFD RiL.O.'iVE., 

Ni t.i-onii> nols are fcnzcne bar?d * xnlcsi’/t-s which, .tltfiod^h mor ,- 
pow'-Tfnl than the N'itrotoluc* hav. Ci^rtain objections which caue- d 
then to tr oonsi icred res-rve -x.-losiv. s until shortaje of loij.;-ne has 
"Xten'icd their uoe in tnir war. 

1. 

A. rrop'Tiu? 

j ''el or - li','-* 'roar How 

i. Ft i*!'i it I/'.s a n' l'i; , ptiirt cf ro wclLI be 

rr;iM'hd 'f uS'o iy it.i.if. 

5. ' let.fv - it IS . ’"ufac^ured by ccvoitin* '<.n;;en- to 
ih !.cl and tin'n r.itiitin .or li\ the n drf.]\.;is of rinitrocnloroi'-n}>-r.c, 

4. ei-ortr*ife'. 

i. .t-nsitivity - • t ■■'t 17" in ti/- drop i it, 

b. ,'',ivn„t‘i - j.‘ ut cf IVr. 

c. V' lority a’'o orisan - it c I'-Mt-'.? at about fOCXO r.c-t-'rs 

rer S'Kon^ wild 0 i.risanc fi .i . of 3 * 

DiniiDPh nf 1 is <1 to !.>;v' t! i.‘.i‘. oci’u of -' icrie- Aoi-; 
for ' i: tin,:; (r., Tridi > ). 

It is eiitii-'-ly itabli. 

It fern^ lar 0 . ra'i seif,;, vlu all m-.tais cut Alurin.i ‘n.a Tir, 

o. It is lat ]•: in Ao' toni . 

K. U i. rv t';\ie. 
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2. TRINITKOPHENCL 


C6H20ii(N0.)3 

Trinitrophenol was knovn a.-? oarlv sh b;; u; ii:-;d ac i. 
until 1S69* In 1836 France adopted it i; a fit.-iu iir; .vjpc'in char. 
Since then it has been used, in st)i>e forr, :,v ail h!’!':'.'. AroiauT 1'-. 
it was relegated the position of arescrc*. ox;*l';si-.e . ■ '* .’nperi 
qualities of TNT. In this war it is Lein ise'i ext.'ii. iv< 1\ the '• 
due to shortage of Toluene and an irprovcmci.t in t c- * annf ict n it 
process. 

It is known by the following n-rnos: 


Picric Acid 

Lyddite 

Melinite 

Pertite 

Shitncfse 

Shinosite 

Granatfullung 83 (drf .33) 
Mel init 
Cronito 


U. 3. an i ritai:. 
rritain (w* n ) 


f'r-i:i'" 


Italy 
.J'lran 
.hn'n 
C'l’.-a ;'-y 
. -r.’-'iiiy 


A. Properties 

1. Picnc Acia is a light, cr-'•■i v- iP w in •! r, 

2. It has a meltin/ point of UO.L *. . i ■ 

pressed aithoupn it can cast by blyh r'r'-'c..nrc •-r 

a tendency on the part of field ncrsor.p 1 t;> asvr ih • ;r. 
yellow, Jap explrsi’A- is Fieri' Asia and to : • rt it n Kh. ' .i.' 

probably nnt the case, Any 'V-i't, y. Hcm. !-, , v. . r 

suspected of being Type >3 explosive wl i .h v rt-' i ) (' ■•). 

3. Picric Acid was nannficlurea cy rtin r-* i 

and then nitrating. 1*115 «xo. nsiw • Q'np I'I tht ", A ^ ' I’ 1 




: ’ I 'low 


cf INT /ind ir. of the re'i-r-,'. f <r rir.i):ig it.,-. 

nianiifdcturf'tl by lii' Dlfti Joro*;< »v*r ' r ro* V'.tc: io rvjcb 

4. s;*ploci*e proper'.ic j 

a. Pirrlc is £c:'.«'w'iit -or* •«»»nri’iv*' It 

h drop test of (i4" fo: V:r). U s-tfr * ; M /'O 

from the imp»ict ef a bull'-t 24i of t;i* time. 

The ''-isting of Fioric Acid U vot *0 t;'> i-r'^t's: it t ?<; • 

decompose .-lightjy ihovr its melting pji: t. If - Jt^o rxs illsw.. v 
cool the cryalalllnc 3truct'ir». t*-r. :.*« is . ‘ort s, ••.cries i ' 
internRl ntrof. les and sonci ivii". 

b. It is l x f dtro- sr • v- 

C. It Uton-.t ;• . • ;• •• r • • ; •- :•! S;'.< 

figure of 45« 

P. Plorio Acid in -ist .1 us . :'«*>.’r i-.a .11 . 

iietlon;;. 

Specifi-' -j.-t.; foll'v,: 

1, I’f.i t'ld .‘t it- s - vv : ;t r 
;. f-rll'tin - • '’•••: ;C i i.-.; t : • ’. 

Knncs - ‘•'jn .i •?'* H v'l.ti )'' » ■. .r'- ■, 

A. it •!> • .'•.•Ha 

.>'ni''r.y - Fill r - sr - i- - •-..''•r- 
tainers - '.'Irlls, li-n'i Vii.' n, i ^ ' i . : 

Filler - Crtrul-: - '.r •' ;• 

5'i! lc*r ¥25 - •> ’ I.- 

rvib-i)oo.-.tcr in Z'^u- • :-<■ i ■ : 

It i.5 a r.tund’.rd t r irc! 'rir'l 

5. •Japan - It is ^ rlis; r* ..-r-.r : : . . :r •.■ 

It is .a stanlsrl turn I r, ; , 

Shells, Homln, Mine;-., Torn .c •;*, ! r 


. IS 'll .. 




Charges. 

■\^ C. Picric Acid is geniT.lly considered stall!;' in storage biit it- 

f 

has a tendency to dectr.pose tropical teT^perntures. 

D. Picric Acid, as the name irdicntes, is an n -id -and h a 
corrosive effect on all metals except Aluminum and Tin. This resilts 
in the formation of Metallic Salts or Picr-itec, some of which are vcry 
nensitive, Primary Explosives (e.g. Lead Picrate and Iren Fiurate hav ; 
drop tests of arid 3“''" rest- lively) and others (Conpe-r and Zinc 
Picratps) are more sensitive th'-*n Pi-'ric /.cid its> lf. 

For this reason Picric Acid mt.st be proiecteci froni contact with 
its conlaincr. This is usu lly accomplished by cn'itini' the inaid- of 
the container with Acid proof triai(ri,-l ( .A. L- pi -i', A. hpir-ll, <-Lc.), 
or by loading the explosive in o'-r I'fir.t J, carltoiri cunl dnci'c. 

In inorting ammunition lr 2 d-:a with Picrio A-’id < srr snould be 

I taKfP. to avoid friction Ietween the >‘xplor.i e siii m* t lie r.urfv'--c. in 
the presence of grit as this will cause d-. Loration if .•< nritiv-? ricrit-'s 
are prc-cent. 

E. Picric Acid is solubl'. in Alcohol and a' tone and it ran to 
disolvrd ty the uc-. of Ponium Carlonat- or Sediu.m PuJfit-.. 

F. Pi<~ric Acid has Uo .advantai'o.'.; 

a. Its riw a itfrial.a ar^ pi< nlif':l. 

1. It i: rvui po’-s'crful tii:n TIT. 

I IS nain ii liviula'* is i* . ,h c. Itin' poiM. 

It is aom*-wh-'. toxic but nut aa ^.'d as '!‘.T in Ihis resp-c*. 

T[;IM0*inS 

A. Prop'-rtF a 

1. .’Ms is a light cr---!r yMl w 'XtI'’’!'-’ . 

T" 2. i* !■' c-.at loao-'C hivir;,' a -o Itir-,, rcdril d' 










3. It is nanufactured from 70. 80, 90% Picric Acid anJ jo, 2'', 
lOU Mononitronapthalene or Dinitrni-.opthalene. IL has a desisity of l.f 
Tlie H NIJ mixtures have the lower melting ooint. 

A, Explosive properties 

a. The sensitivity varies wila the a-ount of Picric Aci.:, 
ranging from 13" to 15.5" in the drop test concare J «’ith 11" for TI.F. 
Trimonite will detonwate from 0-10‘S of tne time from the impact of a 
bullet and from temperatures of 300^-3if*^C. 

b. The stren t- varies from 74% to 95$ of TM. 

c. The velocity and Vrisance vary from 5000 to ^500 ncteri 
per second and 32 to 40.'' respectively. 

B. Trimonite is used as fcdl^ws: 

1. United .'tates - A reserve explosive to be n"., d ij. case f 
shortage of ni. 

9. France - - T0/3f’ - Pi'^ric Acid/:-ononiiron'pt!>al' ft'-- 

Bombs. 

MDN’ or MFLlh - 80/20 Picric Acid/ldnitrcn’jpt'nk-ne - I-'inP . 

Japan - and kP/^O - Picric A'id/, ini tr vtaj - :k'r <■ - 

Burskr for Diemical shells and filler for Pin lb. 

C. otability - as Ficiic Acid. 

D. It has the sa-« r- atlicn with •'.•.tila as Ficri-^ Aci i. 

E. nc'lubilit}' - P-ame as Ii<ric Aril. 

K. This is a ca.at explosi’^e -ndi from fdontiful ■•.■n'-.. n^'. it ; • 

not exude. It is inlir; to 'i'iT from an 'Xplnrive sbiij- dpt losi’ 
power in the s.'.n- proportion that PhS are -idcn.. 

4. “niOITE 

This explosive is call.-i i'.Kliii,. by the (Titib. 

A. Properties; 











1. Color - or"' jcilow 

2. Por.-n - It 13 ca<?t lofiod, r-ltin-' fror S'i^-'(.‘*^0. roh- llitc 

83^0. 

?. Hanufarture - From oO,70,80. and ’?0X Picric Acid ana 40, 50. 
20, and 10" DlniIroph.nol. dhPllile ir 7(750. It is loadfd at a 
density of l.a2. 

I 

4. Explosive properties: 

a. The sensitivity of riditc der* nus on ttn' mixtur*. The 
drop test varies from 14" for the Af/40 to 12.0" lor th' 00/i(; compared 
with 14" for TNT. Sr.cllite is 14". The higher i’icric. Acid cont'nt 
^r.ixture will detonate from a bullet about CO'a nf th time and from 
temperatures of 500 °- 51 ''''^C* 

b. The strengtr varies from % to 10u% of r!-;']. Jhellit;? is 
about of TNT. 

c. The velocities and brisance vary from 63 OO to 7000 net* rs 
per second and ^6 to 45 r<-sn< .i;'--ly. The fiPures fer Shcliit- are 
6600 and ?B.o. 

B. Tridite is us*d a? follows: 

1. "ritain - 2h?!litt 70/3<J- Armor Fiercing Bombs and oholls 

2. Pram e - D I - '^nd .‘hells 

5. I'^aly - i n? '0/4'''-Ch(,ll.a 

C. Stability - Same- as riorir Acid. 

D. P action with metals - Came as i’icric Mcid. 

E. Solubility - Sane iS . irrie Acid, 

r. This combination is us* d to low< r the mtltiiu* point of t icria 
Acid for cast leading wher it is nereasary to use n< ric Acid dn^ t.. 
Toluene shorta.b s. 

It"^ dioiavanta.e licc in th-' -■•.arcio- 1 row- r whicn rvsults fr^m 




the Addition of Dinitrophenol. 


It is difficult to see why the Pritish use it in A.P. bombs as it 
is as sensitive as TN'T and at the same time less brisantr 
the mixture is more toxic than 1 icric Acid. 

5 . TRINITROPHENOL - TRINITROfOLUE MIXTURE 

A. Properties: 

1. Color - The su* . as TNT. 

2. Form - Melting point of 0O-9O°C. permits casting. 

5 . Manufacture - Prom 60$ Picric Acid and 40$ TNT. 

4. Explosive properties: 

a. Sensitivity - Very slightly more sensitive thm TKT (drep 

test about probably detonat.; about 10$ of the tine 

fro* a bullet and at temperatures of 240-280*^C. 

b. Strength - About 3$ greater than TM. 

c. Velocity and Brisance - About 7100 m.ters per second and 
44 respectively. 

B. Uses: 

a. Italy - MAT - shells 

b. Japan - Bombs 

C. It will exude, otherwise it 1 :^ '^^tahle. 

D. Will react with metals th',- same as Picric lui to 1 Ir-?.;-- :• 

degree. 

E. It is soluble in Acetone. 

P. The addition of TN'T lowers the .m<-ltin.‘ point of Hone Aoid for 
cast loading and at the same time Picric A-’id i'“ts a-, an ■ Ai*-n<i'.r f..i 
the TNT. 

It is less toxic than TM. 
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S^‘<'1^UA \ 

AKyOM'JM PlCRATf. PAi’.ED F u LCSIVi;? 

1. AKMON’I'IM PI CRATE 
C^H2(0NH4){N0,)3 

This explosive is the Ammonia Salt cf Picric Acid. It is also 
kiicwii as Explosive D and Dannits. 

A. Properties: 

1. Explosive "D" varies in color, it mav 'e Itrraon y- I’ow, 
orange or reddish brown. 

2. It is pressed irto its Cs.r'tain'-r sire, it will n'~t ’iclt. 

3. It is manufact'ircd by noulrali>.inr Picric Acid with Ammoni’lm 
Hydroxiue v-r .Vnmoria Cas. if oxcf-ss Ammonia ir present it will Ue 
oranSe to red in color, it' it is dd'iri** t in 'nmni i Jt will i-<. i.mon 
yellow. 

4. FxDJosiv.' Prooerti-s: 

a. Explooiv. "I" is th« most insepsitiv’ of military 
olosives. «iii>. a sever; imn-'ot : iv d tc-ntS VST, !’■ 1 'll print ic ' 
purposes, Explesive "C" will only di tonalc fron the toti .n of ■ -iiir-H, 











5. Explosive "D" has been used by the United States in .A.F, 
A-a-aunition, because of its insensitivity, since 1901. 

C. It is hygrosconic and therefore unstable in storage. 

D. In the presence of noisture it will hydrolize to Picric Acid 
which reacts with all metals. 

E. Explosive "D" is in water, warm Alcohol and Acetone. 

P. It is an inferior explosive in every resoect and is used only 

because of its insensitivity. 

2, AMMONIUM FICRATE MIXTURE? 

In addition to its use by the Uniteu Ptatos, Ammonium Picrate is 
used in two mixtures: Picric Powder rr Abel's Explosive by the British 
and Type One Explosive by th'- dips. Very little information is avail¬ 
able concerning Picric Fovfder. 

A. Properties of Type One ixpicsiv"': 

1. It is dark ,‘ra.v in color. 

2. As it will not melt i; is precs loaded. 

'j. It is a mixture of Ammoni im Picrate/Aluminum/Sawdust/Cr'Kle 
Petroleum 

4. Extlosivc Fronortifcs: 


a. It is a'cout fiu’’! to TIT in sensitivity. 

t. Us siren,'.th ■ 'c '5 freater than TNT. 

c. It ha- a low rate of detonation (A’-JbC meters oer second) 


and a brisance figure of 

c. It is ust-d ;y the Jans in D* oth Cl'.ar_'e3. 

C. Tri'- s'ability is on ih- same order as Amroniun Picrate. 
r>. The reaction with r.eteU- is the sane as Picric Acid. 

E. r.olubility - 3v,e as .Vmonim Picratc. 

F. Vinile the addition of Aluminur. malxs this cxnlosive very 
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effective for und£rv.)ter use, where the confineisent of ll:e watf-r 
offsets the lack of brisance, it is difficult to anderstnnd why the 
Japs have gone to the trout le to convert Pioric Aoia to Amnoniu-! 
Picrate for this purpose when Picric Acid woula txi a colter -ill-’.round 
explosive, 

A. Properties of Picric Powder: 

1. Color - Same ?.s Ammoniun Picrete, 

2. Fom - Pressed, 

3 . Manufacture - ‘^/43 Potassium Nitrate/itTusoniur. Piente, 

4. Explosive Properties: 

a. Sensitivity - about tl;e sasio as Tetryi. 

b. It is about 7ol as strong as I'.T. 

c. Velocity and brisanoe - ’o figures arc av^il't-sle but it 
can be safely assumed that Picric F' is very inferior in this 
respect, probably cirtonating at about 5'H)0 r.eters oer second, 

B, It is used by the British as a booster in A.F. •"ir.unition witii 
Shellite. 

C. Stiibility - Similar tc Ammoniuiii Picratv, 

D, Reaction with ir.et’ls - Similar to Anmonium Ficntti. 

’i. Picric Powder is soluble in Acetone, 

F. It is difficult to discern vuy f--.rticalar ’.awnt’gfc in this 
■^xpiosive, Tetryl would le a much more effective booster. 

.'JCTIOM VI 

HEXAMriRCOlhirKYL. Wt h.-rid ] XPI/CiV"3 
1. rEXAhlTKOblFHFi.-YLAMr’F 

This ir. ore of the fcn.’.cn- b.is«. ^ cxolosivcr, r.>rr.all\ o'^n- 

sidered ■. resorvt cxolosive but ;‘:w oei”- "sed Fuo to i short .* of 


l;;-. 


‘icluine. 



It is known by the following names: Hexil, Hexite, Hexanile, 
Hex^in, K.N.D., H.N.D.P., Dipicrylanine and Kexa (.lerman). 

A. Properties: 

1. HKD is deep yellow in color. 

2. If used alone it will ’ {.ressed as its H.P. of 250°C 
prevents casting. 

3 . It is manufactured from Phenol or Dini Lrochluroienzen.', 
Aniline and Nitric Acid and has a aensity of 1. 

4. Explosive Properties: 

a. Sensitivity - HND nas a drop tejt of 9"* It will dtaTjt" 
from the impact of a bullet 875 of the time and from temperatuprs rf 
237®-260®C. 

b. Strength - It is about 155 stron'cr than iM'. 

c. Velocity and Prisance - HND detonali,-s at aoout 720i) 
meters per secono and has a brisance ligure of 45« 

B. HND has bec-n coneadered as ^ boc-H. r ano, while it, is inf-Ti jr 
to Tetryl, it is superior to T'>T for this purpose. It is now asnd uv 
Germany and Japan in nixturts. 

C. Stability - itiiP is e'ltir* Iv rl.i!!»' in storage. 

D. Reaction wi th netalr. - . 

E. Solubility - ilM.- is readily soluble in Acetone and in apieous 
alkalies except KOn', 

F. ilKD is similar in characteristics to Tetryl without Iiv.-in' th 
power of Tetryl. It is slightly stronge r than 1 icric Acid ano do-s not 
have the latter's r<’action with metals. Its wid*^ use -y J man -r ; 
Germany indicates that it is probably easiem to manuf- 'ur tlrn 1 
Acid. It is extremely toxic. 
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2. HEXAMITE 

This is one of the principle HI-: vitrivatives. It is called 
Hex-irit** by the U.S. Navy and NTI) 2 , Schirrswolle 18 and T?MV 1-101 by 
the Gemans. 

A. Properties: 

1. Color - Greenish gray 

2. Form - It has a melting point of about 8C-»>0°C so is usually 
cast loaded. 

3. It is manufactured from TNT/F.ND/Aluminum 60/24/16. Its 
density is 1.72. 

4. Explosive Properties: 

a. Sensitivity - It has « dro'-. tr?t of 10", d.'Wn-t.-s from 
the impact of a bullet and from temp'r-'.lureof 200-260°. 

b. Gtrongth - It is about stronger than TiiT due to the 
addition of Aluminum. 

c. Velocity ind brlsance - It detonates %t ’.nout 6900 m-ters 
per second and has a bris<anc(; figure of 

B. It is used by Germany in Hines, Depth Ch-'r*;es, Torpedoes and in 
Naval Demolition Containers. 

Japan uses it in Torpedoes. Reports have stated that it is used 
by Britain but this has not been verified by reports on sov-ciflc 
ammunition. 

C. It is entirely st vUo. 

D. It has no rt.aotion with nettls. 

F.. It is readily ‘'oluMi' in A''f.tone. 

F. The addition of TMf to this rixture lowers the stusitivity of 
H'lD and n'-rmits cant lo'"iing. ‘Inn .-ooition'.f .I'l-ii nun net afi'ct 
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the brisance materially but dot*s increase the strength by re?ultiri, 
in a very powerful exolosive. It also increases the incendiary effect 
of the explosive because of the brilliant flasn from the Aluminum or 
det.onationl It compares with TNT/'lumin'im, mixtures as follows: 
Advantages; 1. 'Ireator - M-ength 

2. Greater brisance 

3 . Extends TNT 
Disadvantages: 1. Sensitivity 

2. Toxicity 

3 . NOVIT 

This is another HKD derivative. It is called Hexamit and Kovit by 
the Germans and Type 97 Explosive by the Japs. 

A. Properties: 

1. Its color is a slightly lighlrr yellow than ,.'L. 

2. Its neltin point is 90-90'^''' nermitti”? cact loading. 

3 . It is a mixture of 60.'40 T‘ (/'’'.r', 

4. Explosive Pron^rtios: 

a. Novit h-is a dr.-n test of 11.6" and a ill detonaf; from 
bullet impact and from terperatures of 237-3t'0°C. 

b. It is at out str-''- unan TI'.'T. 

c. It detonattis at 70C0 r^eU rs per secord and has a Irioinc' 

value of 44* 

B. It is used by ?ern.iny and Ja^ar in Torp docs and Mi.v.-. 

C. It is entirely stable. 

D. It has no reaction with metals, 
f. It is n.-.adily soluile in A'ctone. 

F. Novit, whil.- a sligrtly bettor €xrlc-i\a that I'.'l, u: j.-.. - 
mainly as an extend<--r of TNT. It has the Msadvantaf^ s of ^ roiuvi' , 
and toxicity. 







SECTION VII 


TRIHITROANISOLE BASED Ed'LOSIVES 

l.^liIlllTROANISOLS 

TOls explosive was developed to ovcr-.ome Picric Acid’s hi'-h 
aeliing point and tendency to react with metals. It is called Tyne 91 
Explosive Iqr the Japs, Ansole by the Germans and is frequently aobrc- 

yiated to Anisole. 

A. Properties: 

1. Anisole is colorless when pure but wh>'n found it will appear 
white* After exposure to light it becomes dirty yellow. 

2.. Its melting point of ^^4° to ^ ^ permits cast loading at a 

density of 1.4. 

3. Anisole is the Methyl Ether of Phenol. Formerly the -'-.i- 
facture consisted in convertin>^ Benzene to Phenol to anisole ana 
nitrating. This was expensive and dang:rc’:s. 

It is now easily made by treating Linitrochlorobonccm. witn So:ii:r 


Methylate and then nitrating. 

4. Explosive properti ■'s: 

a. It is Ic-sr sensitive In n '’MT having a drop test of 
15-16". It will not detonate from the i. pact of a lull* t and r- quir-. 
a temperature of to cietoii itc. 


h. It is about '’s stron,' i' I'i ric Acii. 


c. Its velocity and brisance ir* alout the- .■’am*.- I T 
(6900 meters per second \nd 43)* 

3. It is used by thv Japs in Armor Piercing- bombs and sinll«. 

C. It is unstable. In the pr-i-'iclurc il will 


to Picric Acid. 






D. it has the sane reaction with rseials at licrl. f 

hydrolysis. 

E. It is soluble in Acetone. 

P. Anisole has the following- advant^ge^ an; an A.P. filler: 

a. It is equal to TNT in explosive qualilie^^. 

b. It can be cast. 

c. Its raw materials are plentiful. 

Its disadvantages are : 

a. If it hydrolizes to Picric Acid it will not only react wit'- 
netals hit will beewne too sensitive for u.^o as an A.F. filler. 

h. Its low melting point will caii.?e it to exude at f'-levatci 
temperatures. 

c. It is very toxic. 

2. HEXANITE-AMSCLf^ MIXIl::? 

Til is nixturo Type Oh Explooivi ny the Jape. 

A. PropertKc: 

1. Pus • xolc'iv-- is .Tu'^nish y<-now vr-cn cast ar.i itmon ' IP ^ 
when pressed, 

7. its r.'Itir.'• poii t rf (,'? w o rrat? Iradni . 

?. It i... -)ar.‘ir«ct M^d Trini tro'^nisci'* an; 4,i * ''>•)- 

anitrodiplicnylarauc. 

4. '^xpio iV‘, rrccfrti 

r. Its sent-itivity is sixain' to Innl of iisrir Ari.t {ir.r* 
test of 12.5"). It (i.ttonat*'. at l.-.-np ratur's of ir.^ fror 

the impact of a bullet about of the tine, 
b. It is atdut O’! r.lro>-.,' r i-hm T'iT. 

. it detonates at a v. 1 , ily of ret- rs pei r. vend .k' t 
h :s a bria-mco of 44. 
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h. It is used by the Jsps in the cast forn as a bursting charge 
in all types of Naval Atmunition; Bombc, "l.clls, Mines, etc., .-uid has 
replaced Picric Acid to a vireat extent. It ic used in the pressed fom 
as an Auxiliary Booster. 

C. Stability - as Trinitroanisole. 

D. Reaction with netals - Saaie as Trinitroanisole. 

E. It is soluble in Acetone. 

P. Ihiis fixture has the following advantages: 

a. Beth explosives are based on Benzene. 

b. The sensitivity and high njelting points of KND are overcome, 

c. The melting point cbjecliun to Picric Acid is overcome. 

d. The tendency of Anisole to exude is reduced and ‘be power 
increased. 

Its main disadvintage are: 

a. Lack of stability. 

b. Toxicity. 

c. The mixture' will probably i '.ate from the imoHct of a 
bullet at least part of the tir . 

3 . NITRt)LlT 

A. Iroperli^'s: 

1. Color - Whits to li:ht yellow. 

2. Form - Cast loaded: Melting point around 

3 . It is manufactured from 60/40 irinitroanisole/Annonium 

hitraio. 

4. Exoiosivu Properti'c: 

a. '.’'usitivity - ^i-ilar to 60/-‘g .C-iatol 
1. .'trength - CimiPir to 6C/40 I'lrUol 

- Similar to ^-0/40 Am ilol 


IK 


c, Tisance 












B. It is used ly Gernany in Mines and Torpedoes. 

C. It is hygroscopic and the Anisole will hydroiize to Picric 

Acid. 

D. It has the same reaction as Picric A'^id after ^yarchysis 

E. It is soluble in Acetone. 

P. This is an Amatol 1^'pe explosive ucing Trinitroanisole incteid 
of TNT. It utilizes plentiful I^enzene but is toxic and less stacle 
than Amatol. 

SFH’ION Vlil 

NITROBENZEME EAdZr SXFlAdlVES 

1. DINITROBENZENE 
C^H^(rt02)2 

This explosive is frequently c.-'llcd DNB. Hie Geruans name it DI 

or Dinitrobenzol. 

A. Properties: 

1 . DNB is yellowish in color. 

2. It has a melting oeir.t of and oan cc ca'.t. 

3 . It IS manu.'actured from Benzene and hi trie A; id rr cy 
reduction of Dinitrochlorobenzene. 

. 4. Exploziv. croo rti-s: 

a. Its sensitivity is about equal that of explosive I'. 

(Ifi" drop test). U vill not detonate from the impact of a bull.?: ; 

docs not detonate from temr*. natures up to yfO'’"'. 

b. It is inferior in stren'th Dtin», a-out 6?*' as .■^trou. as 

TNT. 

c. It has a low velocity of d.^ton-vion (bOCO ; r e p’ 
second) and a brisanct- figure of about S.. 

B. It is urea by the Germans as a d> 3'''nriti2tr for R-/. (‘d> . ). 
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C. It is entirely stable. 

D. It has no reaction with metals. 

E. It is soluble in Acetone ana Alcohol. 

F. Advantages of DNL: 

a. Its raw materials are comparatively elenliful. 

b. It is an extender and desensitizer for other explosiv'-^s. 

c. It has a low melting point for cast Icadin-'. 

Disadvantages of DN'5: 

a. Low strength and orisance. 

b. It is extremely toxic. 

2. TRINITR0CENZE>1E C^.H3{N02):^ 

A. Properties: 

1. TNB is yellowish in color. 

2. It has a neltine point of lJl-1 and cannot u- cist. 

3 . It is manufactured by reducing Trini trccr lor<^ben 2 Pne or by 
nitrating DKB. 

4. Explosive Properties: 

a. TNB has about the sane as or rli'htl;,’ l> ss sc*noitivity 
than r'<T 114-15" ly drop lost). It will not ordinarily detonot'^ 
from the impact of a bullet or at ti -ats up to 5'^0°C. 
fa. It i^ about Hi stronger than T’lT. 

c. It detonates at *7400 meters per second ai'd has a brisance 
figure of 47. 

3. It is usei Iv tne G-''rmans »: filler ^7Q, The exact use is not 
stated. 

C. It is entirely stable. 

D. it has no reaction vith mtals. 

E. It is sol'ill in Alcohol and AcetoT., 


112 . 




f. TI^B has very fine explosive qualities but ii not used .^ore 
because of the difficulty of nitration and consequent lew yield. Its 
use definitely indicates a shortase in raw mteriais. If is very toxic. 
3* ffilNlTROCHLORUBENZENE 

This explosive is also called Pier' Chloride ani abbreviated tc 

ThCB. 

A. Properties: 

1. TNCB is an alracst colorless crplosive. 

2. Its melting point of 81-85'''- permits casting. 

3. It is manufactured by nitrating Dinitrochlorobenzene. Viiis 
is almost as difficult as adding the third Nitro grouo to rt'B and the 
yield is very low. 

4. Explosive Properties: 

a. TKC3 has about tne same sensitivity as or slightly leco 
sensitivity than TNT (14.5" dron test). 

b. It is about ^7* stronger than T.JT. 

c. It has about th^- same velocity and brisance T'.’T. 

B. It is used by the Jermans as a shyJl filler. 

1. Filler #60 pressed 

2. Filler #hl cast 

German markings are a yellow container wile a dia,:onal whit. 

stripe. 

C. It is entirely 3ta‘'k. 

D. It has no reaction wjth metals. 

t. It is soluble in Alcohol and Ac*.tone. 

F. The use of by th'* '.lormans indicates a snoi t ir,. of 
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IKlWITfiOCHLCROBEKZaig - AyMONIUM NITRATE 

This conbination is designated Filler il^4 by the Gemiains. 

A. Properties: 

1. The color would vary fron» white to brown depending on the 
Qonditlon of the Araraoniura Nitrate. 

2. It has a melting point of 01-82°C and normally would be cast 

loaded. 

3. It is manufactured from TNCr/Ammonium Nitrate i^/40. 

4. Explosive Properties: 

a. Sensitivity - Same as 60/40 Amatol. 

b. Strength - Same as 60/40 Amatol. 

c. Velocity and brisance - Sane as 60/40 Amatol. 

B. It is used by the Oermans as a shell filler. 

C. It is hygroscopic ai\d therefore unstable. 

D. It reacts with metals much the sa*^ u Amatol. 

E. It is partially soluble in water and soluble in Alcohol and 
Acetone. 

F. This mixture substitutes TNCB for TNT in an Amatol type ex¬ 
plosive due t )0 a shortage of TNT. The mixture is very toxic. 

SECTION IX 

KICCELLAKEOUS AROMATIC MTRO CCI'FOlINDS 

1. TRINITROCRESOL 

C5HCH3(0H){N02)3 

This is an inf-'-ricT explosive used by the Italians as an ingredient 
of other explosives. It ia of little intcrost as it is not used by 
itself. 

2. AMMONIUM TRINr.!'OCRE.;Y!.A?E 

Tnis explosive i'- -Iso Wnov-' as Ecrasite. It is the Anmoniur. Salt 


il4. 
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of Trinit.rocresol. 

A. Properties: 

1. Color - Yellov; to r-:u.iisn y llow. 

2. Form - It has a meltin' " . of lOO'^C and i?> ■-'^st loaded. 

3. It is rr:anufactur<='d by treating Trinitrocrescl with /ir-.oniun 
Hydroxide or Ammonia Gas. 

4. F.xplosive Properties: 

a. Sensitivity - Sane order as Explosivr. "D". 

b. Strength - About of TdT. 

c. Velocity and ^risance - Inferior - about oCCO me tor? r r 
second with a brisance figure of about '’2. 

B. It is uSviu by the Italiatis in large shell-?. 

C. It is somewhat hygroscopic. 

D. It has no reaction with :nftals. 

E. It is soluble in water, Alcohol <and A-eetone. 

F. This is an old Vorld Kir I expl-.-sive usea tccause of short a*? 
of raw materials. The fact that it can tv cast is its one advan'.a;-'. 

3. HITRONAPTliAL.ENES 

N.ipthahne is obtaint-c in larg* ..ntitici- from coal cokin; ann, 
since it is ensy to nitrate, every effort has been male to utili> it 
as a military explosive. 

A. NAPTHALENE 

Cl0^:8 

This material is us-.d ss a fuel when an excess of oxiu*’ir,'. -ent 
is present (see Ammonals). 

b. MCNONlTPONAF'mALLNE 
C^qH7!.‘02 

This mate-ri'.1 is manufactured by nitratin. N'splhak'v. it | 
yellow in color and hac a r,:ltia:; noiut of 'k-'. It is 





lower the melting point o.' Picric Acid for cast loauing (cce Picric 
Acid). It is not an explosive. 

C. DINITROh'APIHALENS CioK^{”02)2 

This material has a very feeble capacity for explosion. It is 
yellowish in color, his a melting point of 140°C and is manufactured by 
nitrating Kapthalene. 

It is used either as a mild sensitizer for Ammonium Nitrate or as 
an extender for TNT. 

Specific uses follow: 


Explosive 

Nation 

Composili ;n 

I'se 

HemarKS 

Schneidcrite 

Italy 

NH 4 M 05 /D’'Np 7 /i 3 

Shells 

Sensitizer- 

Nougat (MSI) 

Italy 

NH 4 NO 2 /DNN/T:'.: 

5077/43 

Shells 

Extender 

Siperite (MNDT) 

Italy 

NH4N0;/DM./TNI 

Shells 

Extender 



72la/10.5/l6. 

r» 

0 



T taly 

TNT/DNN 

Shells 

Extender 


Germany 

TNT/NH 4 NO 5 /DNN 

Hot stated 

Extender 


Germany 

TNT/DNN 

Not stated 

rxlender 


Germany 

TNT/NI> 4 N 03 /DNN 

Not stated 

Extender 



35/50/15 



Shonayaku 

Japan 

‘IH 4 N 05 /DNN 

Not stated 

Sensitizer 

Chanlyaku 

Japan 

TNT/DNN 70/30 

Shells 

Extender 

The addition of DNN 

to TNT reduces 

the explosi'. 

values and 


decreases the sensitivity of the latter and is used due to a shortage 
of raw materials. 

Its addition to Amnoniuri N'itraU docs not eliminate the necessity 
or a high explosive sensitizer, which would usually take the form of 
an auxiliary booster, to insun i high order tonation. 
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D. TRIKITRONAPTHAliENE 
qoH5{?J02)3 

TNN has about the sawe smsitivity as ‘-'NT but is Inferior in 
explosive qualities being between Dinitrotoluene ard '!'initrobenzene in ^ 
this respect. It is yellow in color, melts at 220 °C and is manufactured 
by Nitrating Napthalene. 

Saae specific uses follow: 


Explosive 

Nation 

Composition 

Uses 

Sabulite 

Italy 

NH^M 03 /TNN/CalciuR 

Silicate/NaN 0360 / 3 / 14 /18 

Shells 

Sabulite 

Italy 

NH 4 N 07 /TNN/Caicium 

Silicate 65/10/2*5 

Sl.ell.n 

Viberite 

Italy 

Nh'^NOi/NJ .rti: 

42/J 16 • 

Shells 

Piombiie 

Italy 

Lead Nitrate/TiiN/Lead 

Garbcmate/Calcium Pilicate/ 
Vaseline 75/15.76/1.50/b.7‘//2 

Shells 


In the above Mixtures TNN is used as a ".ijhr.ti lute senoitizer f-,r 
TNT, Calcium Silicate is often mentioned as a substitute for Alurinu!’. 
Lead Nitrate and Sodium Nitrate are oxioizing agenln and Lead Carl.onat . 
is a fuel. All are low ^rade explosives ustjd due to a nhortuv' of raw 

materials. 

E. TF.TnANITROKAPHALEN: 

•Tiir ir. a very powerful explosive but is too expenriv-: for goncr-il 

use. 

4. TRINITROXYLENE 

CgH(CH^)2{N02)3 

A. Properties: 

1. (jolor - Golden yellow. 

2. form - prerseU - meltin.' point 

3 . Manufacture - Nitration '*i‘ Xylone. 
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4. Explosive Properties: 

a. Sensitivity - Drco test 21” (TNT 14”). It cetonates at 
410°C. It will not propogate the detonating wave. 

b. Strength - About 83?> of TNT. 

c. velocity and brisance - 5" - raeters per second and 15. 
E. TNX is used by the Germans as a sensitizer for a low grade 

explosive in Grenades. Filler #57 Abonachit 2 - Araraonium Nitrate/ 
Potassium or Sodium Nitrate/TNX/Collodion Cotton/Socium Chlorate. 
64 / 3 / 12 - 14 / 1 / 17 - 19 . It is indicated by a green container with a brown 
st'-ipe. 

C. TNX is stable. 

D. It has no reaction with metals. 

E. It is soluble in Acetone. 

P. TNX is an inferior explosive and difficult to nitrate. In the 
German explosive it may be used due to a shortage in TNT or to avoid 
the disruptive effect TNT would have on a v.renado. 


ft 
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ALIPHATIC NITRATES 
SECTION I 

CYCLOTilMETHYLENETRINITRAMIN"^ • ’ -ED EXPLOSIVES 

1. CYGLOTRIMETOYLENET'RINITRAMINE 
(CH2)^N^(N02)j 

This explosive was patented in Germany in 1899 as a medicin-^. It 
was patented as an explosive in 1920 in Britain and in 1Q22 in the 
United States. It is one of the so-called super-explosives which have 
come into prominence during the present war. It is known by me 
following names: 

Qyclonite United States 

RDX (Research Department Britain 

Explosive) 

T4 Italy 

Hexogen (K) Germany 

Tanoyaku Japan 

A* Properties: 

1. RDX is a white explosive. 

2. It i€rn;-LG8f li1d».ci -s it . v I tin, 2^-vv•^ -^C.' 

3 . It is manufactured synthetically from coal, air and «(ter 
which are used to manufacture Formaldehyde, Ammonia and Nitric Acid. 
Formaldehyde and Ammonia are condensed to form Hexamothylenetctrmine 
(Hexanine) which is nitrated to RDX. Earlier use of RDX was orevonted 
by large Methyl Alcohol requirements and the fact that it requires 
eleven pounds of Nitric Acid to produce one pound of RPX. It in 
difficult to recover the Nitric Acid after manufacture duo '0 t.. 
reaction of liberated Formaldehyde ano the cr>nt acid. The first 
obstacle has been overcome by the productior of synthetic Kciiiyl 






Alcohol and the second partially overcome by improvea manufacturii.?; 
processes. 

4. Explosive Properties; 

a. RDX is slightly more sensitive than Tetryl. The drop 
test is 7" against 8" for Tetryl. It will detonate 100% of the time 
from the impact of a rifle bullet and at temperatures of 197° to 260°C. 

b. It is 62% stronger than TNT. 

c. It detonatee at 8400 meters per second anc a brisance 
figure of 6l. 

B. RDX is used mainly in mixtures but it is used by itself as a 
sub-booster, booster and bursting charge as follows: 

1. Italy: Sub-booster -- All types of ammunition 

Booster - Shells 
Bursting Charge - Land Mines 

2. Germany: Filler AB9 - Cast-in mixtures 

Filler W - Pressed-in mixtures 

Bursting charge in small caliber Shells (e.g. 4.2cm) 

and Rifle ‘Irfenades. 

3 . Japan; Booster - small ammunitii5n 

Sub-booster - Bomb Fuzes 

Bursting Chargt. - 20 ffl’ and Mf. shells - 50 calib 
and 7.7 MH. Bullets - Land Mines. It is often reported used with Alu 
inum. This is not a mixture but the A’ i.ium is added for incendiary 
effect, 

C. RDX is entirely stable. 

D. It has no reaction with metals. 

E. It is soluble in Acetone and nay be hydroll zed by Bodiur 
Hydroxide at 6C°C or by boiling in Dilute Sulphuric Acid. 







F. The chief advantages of RDX are its tremendous power and 
fact that it uses non-strategio raw r’t- . ials. Its dlsadvantaiCo ire 
its high melting point, its sensitivity and the low yield in manu¬ 
facture. 

At present all nations are devising means of utilisie, PD/ in a 
desensitized form. It is either combined with l{itrohyjrocari'"'f.?, which 
also permit cast loading, or with waxes or oils for •'/ress losding. *’ 

This explosive is especially at.^ractivc to th* Axis lx cause of 
their rav; material shortages. 

, 2. CYOOTRIMETHyLENETRINITRAMINE - WA>: iilXTifRES 

This is one form by wnich RDX is -^’eseiisi tized for wider use. 
Composition A is our name for this tyoe of mixture. 

A. Properties: 

1. The color of the mixture acpends on the wax. Composition A 
is white to buff. Gorman compositions are white or llui,- and Ital • 
aro white or red due to the use of dye. 

2. PDX/Wax is press loaded. ' addition of wax dots tot 
reduce the molting point. 

3« It is manufactured from RDX ana varying prroentag-.s of wax. 
Cemposition A is 91/'? RDX/Poeswax. Gr.rpjan anci Itjlian mixtures 'U'- 
Montan Wax (Lignite Wax). 

•I. Explosive Prooortios: 

a. Tno sensitivity depends on th^' atnoira of v.'tx ana wi; tner 
it coats the individual grains cr not. Our composition A a cror 
test of 14" tho same as Th'I. it docs not detoadto from Ih. inna-.-i h' 
bullet and requires a temperatur-? rf to d-ton-it. . Fi 'ir. •[> 

not available for the various for- ign nixttifs tut rally t.h- 
will indicate tlie order of sensitivity. 

I'l. 
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b. t>mpo8ition A is about -tron^er than TKT. Other 
■ixtures vary w' th the onoiint of wax. 

c. Conposition A detonates at 7^00 raeters per second and has 
» briaance fig'.re of 49.6. 

B. iDX/W'.x is used as a booster with a small amount of wax which 
does not coat the grains and as a bursting charge with larger a-ma'ints 
which act as a grain coiting. Specific uses follow; 

1. Ui Ited State! : Composition A - Shells, 

2. B'ltainJ Shells and Grenades 

3 . ?taly: Boos ers (dyed red} RDX/Wax 95^5. 

4. Germany: Filler' 186 - A core of RDX/Wax acting as an aux¬ 

iliary booster for EDD (See) in 75 
MM A.P. Shells. 

Fi Her #91 - H5 - RDX/W’ax 95/3 - Sub-booster and 
Booster. 

I iller #92 - HiO - RL-”' a 90/10 - Booster. 

IDX/Vax 89.7/10.3 - 7^ MM A.P. Shells. 

RDX/V’ax - 97/3 - Used as a sub-booster in the 
tropics in place of PETN/Wax, 

It is also used as a filler in Grenades and Shapad 
Charges. 

5 . Japan RDX/Beeswax- 85/15 -■ Bursting charge, 75 MM Shells. 

RDX/Bef.swax- 92^3 and 95/5 Bursting charge 20 MM 
Shells. (Jap 1 DX/W.'.x is white to buff) 

C. RDX/Wax is entirely static. 

D. It is slightly corrosive U Ste.-l, Magnesium, Copper find Copper 
Alloys. 
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I*;. The solubility is the same as HDX\ it would Ir dangeiou. ta 
attempt to melt RDX/Wax fillini^s as only the wax would meli lea.vin,;: the 
very sensitive RDX. 

F. RDX/Vas is not a particularly desirable filling, as th* wax does 
not enter into the detonation and therefore reduces the velocity. In 
burning it also robs the explosive of its Oxygen rcoucing strength. 

Used as a oooster, with small amounts of wax, it is sufficiently 
insensitive and very satisfactory. 

5 . Cyclntol 




This is the most nopnlar .RDX derivative in present use. The 
United States Cyclotol is called Composition R. The Italians C':U it 
Tritolite. 

A. Properties: 

1 . The color of Cyclotol varies depending on the TNT. It rly 
range from dirty white to light yellow to brownish yellow. 

2. It is cast loaded, melting beWeen and lOO^C. 

3 . It is manufactured from TJkr, RDX and sometimes wax. Cur 
com.position P is BOX/TN’T/.^?csway59/40/l ana Li 2 is rO/dC rfX/T’T. 
Foreign nations use other porce^age:\ pO/^) being the .mor' renular. 

Composition B is loaned^ a aonsity of 1.62. 

4. Explosive Propoflies: 

a. Composit/^. ha'- a drop test of 11 " and will dclonaC 

/ 

20% of the timt fro;^ the i'.paoi of '■ b'lllet. it d tonat-.; *.1 ic .per.a- 
tures of 18B'’-2'^/c. 

It is about 5'??' stronger than 

. c. It has a velocity of 7BCh? mot-.rs per seevnd and : r:: s <'■ 


figure of ''1.8. 

B. Cyclotol is used by all nations as l’. burr.iing char. v in a mu¬ 
nition th"t will not hav<-- to penetr-'t- th. t. 







Specific uses follow: 


i. United SCiLes: 


2. Britain: 


3 . Italy: 


4. Germany: 


5 . Japan: 


Composition FJ and B2 - Barge General Purpose- 
Bombs and the 90 and 2>'t lb. Fragmentation 
Bombs. It imparts higher veiocities, to 
smaller fragments, than for TNT loaded bombs. 
Composition B - Has been mentioned as a 
booster. It is used as a bursting charge in 
General Purpose, Medium and High Capacity, 
Anti-submarine, Fragmentation and Parachute 
Bombs and in Shells. 

50/50 - F-.DX/TNT - Bursting charge in Hollow 
Kose ammunition and Land S'ines. 

60/38/2 - RDX/THT/Wax (dyed red) - Anti-tank 
Bombs. 

Fiirer #18 - FP02/H5-80/20 - TllT/HDX/Wax - 
80/19/1 - Shells 

Filler #95 - H/FP02 - RE'X/TN'T - 60/40 - 
Pressed-Bursting charge for Shells. 

RDX/Tb’T 50/50 and 53^47 - Hollow Nose ammu¬ 
nition. Shells, Grenades and Demolition 
Charges. 

RDX/TN'T/Wax - 51/48/1, 58/40/2. ' 57>40/:4, 

55/42/3 - Shells. 

RDX f'cllets embedded in T.NT - 400C. "oni. 
RDX/ThT 60/40 or 50/50 General Purpose, Anti¬ 
aircraft and Anti-Persqnnel bombs. Land 
Lines, Shells and Demolition Charges. 







' C. Cyclotol Is entirely stable. 

D. It corrodes Steel, Magnesium, .Copper and Copper Alloys very 
slightly. 

E. It is soluble in Acetone. 

F. This is a much better explosive than Ccwiposition A. It is more 
powerful due to the active desensitizing agent and it can be cast 
loaded. 


Its main disadvantage is Its sensitivity and, from the Axis' 
standpoint, its use of TNT. 

The following figures compare its efficiency with TNI: 





Shaped Chare 

Peak PPesaure"' ' 

Impulse 

Water Sliock 

Efficier.cy 

TNT 100 

iOO 

100 

100 

Cyclotol HO 

/ 

HO 

125 

1^9 


' 4. PLASTIC CYCLOTRIMETHYLENETRINITRAMINE EXFL0?4VES 


A. Composition C. 

In commercial blasting gelatin dynamite is used extensively because 
of its density and plasticity. It can be moulded to any form desired. 
Since it is too sensitive for Military use a substitut'- hud to be 
devised. The answer was FDX and Oil which wc call Composition ( and 
the British call Plastic lUgh Explosive. 

1. Properties; 

a. This is a brown explosive. 

b. It is plastic in form and very much like putt.-. 

c. It is manufactured from 1/! • it.in 

{helps prevent formation of large crystals inertasin"' l!i^ sensiiiut.). 

Jup P.H.E. is 80/P.5% FDX and oil. 

It has a density of 1.50. 
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d. Explosive properties: 

1. Composition C has about the same sensitivity as TNT. 
(14'' drop test). It will not detonate from the impact of a bullet, it 
requi'PS temperatures of 177 to 28b°C to detonate, depending on its 
physical state. 

2. It is 20 to 30% stronger than TNT. 

3 . It detonates at 7400 meters per second and has a 
brisance of 46.5* 

2. It is used by Britain, Germany and Japan as a Demolition 
Agent. It is obsolete as far as the United States is concerned. 

3 . Canposition C is unstable. U retains its plasticity from 
52 ° to 100®F. Below 32°F it becomes brittle and insensitive and above 
100°F it becomes gummy and the oil tends to )eak out, leavin', pure RDX 
which is too sensitive for front line work. 

4. It is not reactive with metals. 

5 . It is soluble in Acetone. 

6. In addition to its lack of stability, composition loses 
effectiveness becausf Oil is an inert material which reduces looity 
and strength. It is 21% more efficient, in shaped charges, than TNT. 

Be Composition 

This plastic explosive was d<;vclop-d to ov- rcome* the objection'' 
to Composition C. 

1. Properties: 

a. It is a l>rownir.h yellow in color. 

b. In form it is a putty like plastic. 

c. It is m.nuf'utured from the followin; ingr-'di'-nts: 

m HO.IT 


IJ . 


Morion i tro toluKue 


4.0", 




Dinitrololuene 


10 . 0 % 



Trinitrotoluene 

4.0% 

Collodion Cotton 

1.0% 

Dime t hy1formanide 

.9% 


100.0% 


Ihe Kilrololuenes desensitize the RDX and the reaction of CoJ lodion 
Cotton and the solvent forms a gelatin. The German version, called 
Plastite, contains RDX/Nitrohydrocarbons/Collodion Cotton 64/32.5/3*S 
d. Explosive Properties: 

1. Composition C^ is more sensitive than Composition C 
having a drop test of 12.5” compared with 14" for TNT. It is affect.i 
201 of the time by the impact of a bullet and detonates from a heat of 
172° to 28^C depending on its state. 

2. It is about 55% stronger than Ts'JT. 

5. It detonates at 8000 meters per second and has a 

brisance of 55* 

2. It is used by the United States and Germany as a demolition 
charge. We also use it in the 7.2 rocket. 

5. It is more stable than Composition C, retaining its plasti¬ 
city from '20° to 125°P. There is no danger that the desensitizer will 
leak out. It will set up and lose its plasticity from hot 3torar;e 
conditions due to evaporation of volatile matter. 

4 . It has nt. reaction with metals. 

5. It is soluble in Acetone. 

(>» jfhis is a'mcre .jfftcliv xolcsiv- th*r .'me*4iti"n , 
principly because only .9% of the explosive is inert as against lur 
Composition C. 

IXie to the presence of TNT it is somewhat toxic and should not t ■ 
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handled without gloves. 

The German Flastite would be a less effective exnlcsive in every 
respect due to the reduced RDX content. 

C. Composition c3 

At the present time the United States plans to replace Composition 
c2 with Composition c3. In C^ 5 % RDX is replaced by 3 % Tetryl am tiu; 
Dimethylformamide by Mononitrotoluene. It is hoped that tni.s '.■:i,ll 
increase the stability of Composition C^, 

The other characteristics of the explosive remain the sam., 

5 . TORPEX 

This is the most powerful of the RDX mixtures. The Germans call 
it Trialen. Tetrancl or Trialine. 

A. Properties: 

1. Torpex is a slate gray in color. 

2. Its melting point of 08-9‘)°C pcr.oits cast loading. 

3 . It is manufactured from RDX, 'iXi' .tnd Aluminum in varying 
percentages. It loads at a uensity of I. 73 . In some canes a small 
percentage of wax is added as a desensitizer. 

4. Explosive Properties: 

It is slightly less sensitive than Tetryl having a .irop 
test of 8-9” as compared to 8" for Tetryl. It will detonate from th- 
impact of a bullet from 52% to 100% of the time and from temperatur**;'. 
of 185 to 280°C. 

b. It is a very strong explosive b>’-ing 40% stron>-‘'tr fn-m 
TK'T. When confined underwater it is 50% stronger by w. i,-ht am 0% 
stronger by volume. 

c. It detonates at 7500 m--tcrs pt s-ooM, and .has abrisance 
figure of '57.9. 
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■5. Germany - 


B. Torpex is used mainly, in underwater explosives, as a burain^ 
charge. Specific uses follow: 

1. United States - Torpex I - RDX/'TNT/AJ 45/37/18 

Torpex I - RDX/TK'T/A.i/ Beeswax 44/?7/18/1 
Torpex 11- RDX/TNT/Al 42/40/18 
Torpex is used in Dentil Bombs, Df pti- '■'■‘'■Vf- 
Torpedoes and the 7.2 rocket. 

2. Britain - Torpex I and II - Medium Capacity and 4jiti- 

submarine Bombs; Aerial and Siibnirine 
Torpedoes; and Rockrts. 

■5. Germany - filler #105 - Trialon- RDX/TNT/Al l‘;/‘ -715 

or 16/70/12 - General Purpose Bombs und 
Tornt:doc3. 

Filler I106 TriaD n- RD>:/TVj 7A1/:'5/'7/2' - 
:5ombs 

4. Italy - Trial" n 105 - Torm iooa. 

C. Torpex is entirely stable. 

D. It reacts slightly with Brass, 

E. It is soluble in Acotonr*. 

F. The addition of Aluminum «^ivrs this oxnlosive trem-'-ndous pow< r, 
especially under water, eV‘‘n thoip'h it arfocts tii*" vr*]ocitv ot' d< to- 
nation somewhat. 

Figures comparing its <».''fect with TNT follow: 


4. Italy 


Explosive 

Pf-ak Pressure 

Inpuh;* 

u !*#* r 

Torp(-x 

122 

127 

Ml 

TNT 

100 

100 

1',: 


its cbif’f disadvantage is its sensitivity. It will det'.r,;t.' np \ 
hard surf^'ce from -a fall of 20M to 2^00 fc.?t ur a irrmin'i! V' I'-.rity of 
^50-450 feet per second or on any surf''.", from a lo.OCO ffc-t dr'r. 

I/O 
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6. DiPTK BOMB EXPLOSIVE 

This explosive was developed, as a result of a npnber of accidents 
caused by the senf.itivity of Torpex, for use in Deptn Bopbs. It is 
comaonly called D5X. 

A. Properties: 

1. DBX is a firay explosive. 

2. Its meiling point (between 80° 4 90°C) nermits cast loadir..". 

3 . It is r'anufnctured from RDX/Ammonium Ni trate/TKT/Aluminum 
21/21/40/18. In other word?,, 2Vi of Ammonjum Mitrate is substituted 
for RDX. A variation oT DBX is called Minr-x nnd cm i sts of Prx/NH4N03/ 
TNT/Al ^15/2^38/40/20. it is not bein? used at -'ro'^ent. DBX loads 
at a density of 1.68. 

4. Explosive Prc'O'"!!';:': 

DbX is interned!ate between ‘^orncx 11 and i’^iriol ii. , 

a. Il has a dren Ivst fifurc- of 'Uo'it for Monol II, 

9" for Torpex). it will d'-toriat*- from ,he inipa'-* of a bullet 49% of 
th^- time. It will rrobahly d -tonit- fr*!’' a temp'raturo 0* about 200°0. 

• 0. U is 46X stron cr thiu TiiJ. 

c. It d* tonati s :t • V7> n.Ur. nor cconci ani has a brisanc: 


figure of anout 
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D. Ihf r<‘'’-ci!ori viHi it (■•.i, >■.'il ' tii ' ra t*, as Amatol and 


Ar.mon'il. 







decr'-RSt.d tiviLy. A conparicon of four xplosiv-. foiiowo: 


K ■ 

Explosive 

Energy of Air Blast 

Sner,y of Wat.-r Shock 






TNT 

ICO 

IdO 


DPy 

l:,d 



Minol 

m 


t 

Torpex 

146 

141 


It will he not'd that th' addition of A-nnonium iatri*:- -'iv' u 


better effect when the explosive is confined. 




7. P T X - 1 

'This is an experimental explo-tive d-.-si'■fn «i to over ; ”ic *•. ' o-“ 
tivity of Tctrytol nd and its Undenv-y t(' exudr. 

A. Properties: 

1. This is a light yellow ?xplosi’-'... 

2. It is cast, having a mcitir.: point .d' , 

5 . It is na/\nfactiired from '0/2''' PP'X/letryl / I'.'i. 

4. Explosive Properties: 

a. This explosive is supp''S''d tc • lieinat- S' of t'. 
fonsitivity of Tetrytol. In view of t!.- f i-'i that Iht \ A' f'■. -f 
Tetrytol is nducai and PP.< is snurli t itf i for rtaii' f ■ 

Teifyl it is difficult to how this c.uIj b- lrii> . 'm' le' 

is verified by imnact I sts wit”, a rifl ; ill-, t. t T-'-1 * .t_ 

partially 20% of the ti.T ina rom*'!* t-ly '^d' th ti' wril • , *■* 
Tetrytol doer, not d* t'r.ate at ill nd 7'5/.' u't.it'-s ; d' 'is . 
P. ll is about ^ .tironp T tlpr T‘ T. 

c. It d'.dan-'t'S at 74C0 rpt.;'.- r--r .• cu'd p* h*- ■ ;’i- 
figure of This i' sli»'h‘.ly b- it-r It, n T -try! i. 

Fi. It is prnrp'' u to 'tre this oxpio jv- in pi" , *! 

Test? ire i,ow und*T way t" d^t. r-'i?.- its uit dihty for r 


nition. 






D. its reaction with metils is th*. sirs as Tetrjtoi. 

E. It IS soluble in Acetone.' 


8. P T X - 2 

This is an exnerin.ental exolosive designed to ovor'O'e the sensi¬ 
tivity of Pentolite. 

A. Properties; 

1. It is a dirty whit'^ to light buff in color. 

2 . It is cast loaded, melting at 

5 . it is manufactured from 45*2/2r</?8.8 ^r.7i".’:. 

1. Explosive Properties; 

(a) rTX-2 is slightly less sensitive than ten!.''itc. it has 
a dro; lest figure of iO" and is detonateo oy iht. impact of a bullet 
60 * of the tine. 

(b) it is about stronger than Ii«T. 

(c) It detonates at 8000 meters rer second and has a liis'irce 
figure of 54.b. 

B. It has the same status as PTX-1. 

G. It is more staMe tnan K'ntoliie. 

D. The reaction with metalr would be somewhat the same as P'^nto- 
lite but to a Icrser Jogree. 

E. It is soluble in Aceton^-. 

F. This explosive, if pres-nt coneJu-icns ar* 'arifi-'. fy fiili 
tests, seems to bo not only li^f..s senuitiv. Uian lent'lit* but m re 
Drisant. 


M i:Ct:l.'.A‘.’Xt>Lin CYCLOTPr!?T>:YLS:.'FT''i?:ITR/J' I‘lt 


XGiVE: 


In the rush to capital iae on tho now r of Prx, and/or thf? f I'-t 
that It rtquircs no stralegir riv na» rials, various ni'i.ir. nuv 




designed quite s few iiixt';r* a, n.n-. of v ;cfi ar-. us * v r- '/i -ij 
Complete figures are not available on most of these, but they viJl be 
discussed briefly in *J'C- follcifirii' rara'rap*i3: 

A. Anatex; 

Aaatex is a yellow, cast, ::ritish Exoiosivc used in iarj'- 
Gweral Purpose; Medium and High capacity; and Ariti-subnari'f. Enomt- . 
It consists of Ammonium N'itrate/ThT/RDX *i0/41/9 and is gen< rally c»ll^ 

Anatex 9« 

Essentially it con'^ints of Amatol ^'0/40 wi ti; the addition ot 
Composition B to eliminate the tendency, of large Amatol fillti !cobs, 
toward Low Order Detonation. 

Its characteristics woui ! ho those of Amatol AO/40 wit*' t ,o 
sensitivity, strength ind Irisarcc .11,‘Ktl.v inerra d. 

Anatex 5 an .' 2'j ( rN7/Rf?X/‘.' ‘ ) h iv te> n ‘'. nt.ior d .ut 

we hav' no record of their actual u.-.* . 

Filler #*52 is a yellow, cast OTlosivr 'inn'ir')''- >■ > fro 
DinItrobon/.en;/Ammonium Iliir'it*./F.DX VtlV'J i-'. This is an /.-latr 1 
explosive with t’lO inferior i.'lh -wed in Har;. of TM';', du.- to a 'or* /e 
of the latter, Vh** ins'-*nsitivit,y of hh* i ro"-'-fl I'- r , it . 
addition of PDX. 

'I'his cxplosiv*. woula have- -uch th- imo chnracL* n. t ic". , 

Amatol. It ir, used in Mi K,'. ..P. an.j ‘.'LA.T. lomhr.. It is v. p', t- , 

^^ i-'* '* '■ f or i M’; !/. 

manufactured from C.i]<'iae hi11 at-/ A-r oniur, h’ltr*; /'■ ; . j 
another Amatol tyiv evrVT.ive senriii,-.od hy pn-’ u.-fad of T, Url.; 
f.itrate is a ch-ar o/adizing aA.:nt without ;r,y 'xnlo'iv •re-' r'. 

The svnslti/ily whould b#- about thit of %/’/) t. .r'-.i’ 

prop'-r* i*T, ar . inftrior. It is •• . i a ».ir.rur fiPir' :i. . r , 







and Robot I’onbs with a surround of Filler 1^2. Evidently the Calcium 
Kitrate is designed to overcome the Oxygen deficiency of Filler 152. 

Gjm^n-Pnie r »45 - Pressed - HP 30 /H 50/- PSTN/RDX/Wax 
- This filler is used in special projectiles. It should be 
sife^Ur in characteristics to Composition A. 

50 calibe r and 7. 7 MM bul lets, RDX/PETN 87/15 
and 42/5B* The characteristics are the sane as RDX or FETN used 
separately. It is press loaded. 

94 Explos ive. This is a cast white explosive manu¬ 
factured fron 40/60 RDX/Trinitroanisole. Its explosive properties zre 
similar to Composition H. It is used by the Japs in Torpedoes and as a 
booster surround. 

It is unstable, reacts with metals th^ same as Picric Acid and is 
toxic. 

Trinitroanisole is evidently used due to a shortage of TKT. 

C. German Filler (use not stated) RDX/Calcium Mi Irate/Ammonium 
Nitrate/EDD/Wax 8/8/55/30/2. This is a cast, white explosive having 
much the sane characteristics as Amatol 80/80. Its use is indicative 
of material shortages. 

G erman Filler ^^IQ? - This is a gr?>y, pressed explosive made 
from RDX/Aluminuni/Wax 70/;^/4. ft is used in pellet form a.? j liscuit 
filling, with Nitroguanidim in the nose and with a supround of irialin 
lOv, in th. 8f'0 X,:. I.t‘. me th- 1800. Eg. /.F. bA-iir.. It i~ more 
sensitive than RDX it'clf md eouiu not I.-e u.sed'without the protre'ior! 
of M troguanidine (see). Th-^ 10/'-'/109 combination is also used in 
f'ilotltss Aircraft lonfv. 

Italian hur.Hing (’h are<‘ - This is a white pressed ■xplosiv.« 
co'’^ I sting of F^DX/Amnnniuni Nitratf/w.x 22/78/5 used in Chells. It 
would t). similar to ^/.I'l Arrntol but more sensitive. Its u.so indicates 







a TOT short?4e. 


J. Russian Burstin g Charge - This is a yellow, cast explosive 
composed of 2&5 Tetrytol 42/% and 72% RDX. It was reported as used in 
a 76 MH A.P. Shell with an incendiary nose charge of Al/Sariun Nitrate/ 
TNT/Sulphur 46/39/14.7/.3« TOis charge would be almost as sensitive as 
RDX and it is difficult to understand its use in A.P. Shells. 

K. The British are supposed to have used a mixture >of 60/ff’^/ 
DNB. This is a light yellow, cast explosive with explosive character¬ 
istics intermediate between TNT ajid Composition B and about assensitivr 
as Picric iteid. The specific use was not stated. 

L. The Japs use a mixture of .Ammonium Nitrate/RDX 84/16 t-. d 7S/22 
in some of their bombs. It is a white pressed explosive similor to 
80/20 Amatol but more sensitive (about the same as Picric Acid), PCX 
is substituted for TNT due to shortages. 

SKTTIUN II 


PENTAERYWRITOLTETOANITRATE BAliED EXPbOSIVFS 

1. pentaerytoiriToltetranitrate 

C(CH20N02)4 


This material was patented in Germany in 1894. Although it h.-;3 
been used commercially since 1937 little or no use was mad cf it, for 


Military purposes until this war 
PETN 

Penthrite 
Nitropenta (NP) 
Pentrit 
Kiperil 
Nyperite 
Pentryl 


It is .nown by the following names: 
United States 
I’ri tain 
::ermany 
nermany 
Uncunwiion 
Uncommon 


Inconmnn 





Penta 


Uncommon 


Kiperyth Uncommon 

Penthrit Uncommon 

A, Properties: 

1. PETN is white in color. 

2. When used alone it is pressed as its melting point oi 
141°C prevents casting. 

3. PETN is manufactured from Pormaldelyde ana Acet.ildenyde 
which are condensed in the presence of Calcium Hydroxide to Pentaery- 
thritol, a Tetrahydroxyl Alcohol. This is nitrated to PFIN. It is 
generally used at a density of I.63. 

4 . Explosive Properties: 

a. PETN is the most sensitive of the Secon lary Hiv-h - v- 
plosives in general use. It has a drop Ust fijiure of 6" (14" for TkT). 
It will always detonate from the impact of a riflo bulJ:l and it has an 
ignition temperature of 172°-210°C. 

b. It is one of the strongest known explosives being 66% 
stronger than TNT. 

c. It detonates at 8300 meters per second and has a brisance 
figure of 6l.9* 

B. The use of PET’I, as such, is restricted because of Its sensi¬ 
tivity. Its primary use is for boosters and bursting charges in s'-nll 
caliber ammunition. Specific uses follow: 

1. United States - Upper detonator in some Land Nines and 
Shells. It is the explosive in Primacord 
Detonating Fuse (Velocity 6200 H/sec.). 

It is the explosive in Cord lex Dc-tenaling 
Fuse. 


136. 


2. ritain - 



5* Russia - 
4. Italy - 



") 
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Uwer aetcnatcr in '‘he 

Upper detonators and boo-tcrs in small 
Shelli,. Filler in small caliber Shells 


(2 cm) 

Germany - Explosive 0^ - KP ~ Lower detonator and 

filler for Grenades and small Shells (2-^cm). 
It is indicated by green niarkinr;s on atTsU- 
nition boxes. 

6, Japan - Upper detonator - small Shells. 

Lower detonator - small Shells. 

Booster - small ..’hells. 

Filler for ‘50 caliber and ’7.’* MM bullets. 

C. PiTN is not entirely stable at high temperature. At 43^' 
decomposition, with formation of Nitric Oxid'-, is autocatalytif. !li» 
presence of Dipentaerythritolhexanitrate, which i.; inherent in -;jiiu- 
facture, increases stability up to a cert.ain point and thui decreas.r. 
it. 


D. U is somewhat acidic anu tends to h ‘ve a v<-rv nli'ht r-i tior 
with Steel, Copper and Zinc. 

E. It is soluble in Acetone and can be dccnmno-i-.d i.y a tcilin;- 
solution of Ferrous (-'hlorioc. 

F. PETN has the following advantag' c: 

1. It is madt from synth^ tic raw mciterialr.. 

'A It is very nowerful con'iii»’inj'; strength with Irifuricf. 

Its di.aadvantago.i are: 

1. Its sensitivity i? r-o r-'-'l thst it. [r. lifficiilt te d-'; K.'.i- 
tixe it and at (he '.anc tiiri<- uiilisi its full vilin ■. 

2. It.' high mcllin.; p'^int pn.'A.nt * ca.'.t Inadui\ 





3. It requires five pounds of Nitric Acid to procuce one pound 

of PETN. 

Because of these disadvantages plus th^ fact th'it it requires 
lar^e amounts of Hethyl Alcohol (for Formaldehyde) little use was made 
of PKTN until lately. With the need for more powerful explosives and 
the discovery of the process of making Methyl Alcohol synthc*io-lly, 
interest was aroused in PETN. Experiments are under way to utilise it 
in desensitized forms. To date these have taken the form of combi¬ 
nations with the Nitrohydrocarbons for desensitizing and casting or 
with waxes or oils for desensitizinf, and nressing. 

2. PFNTOLITE 

This is most widely used Pl.T-J based • xplosivc. It is alsc known 
as Pentol (German) and Pentritol. 

A. Properties: 

1. Pent'^Mto is .a dirty white to li?ht buff in color. Italian 
Pentollte is reported as being dyed red. 

2. It is usually cast loaded, r'ltin.’ between 80 and Its 

loading density is I .56 to 1.^3. 

3 . r^rtolitc is urually a mixture of ^:<0/50 PETN and i'NT. d'J 

wax may ue added is a drsensi tizer. This mixture is called P*nf!'lite 
D-1. E‘Cause i'FTN’ is so sensitive it in desiraMt- to coat th'' ;runs 
with To effect this resilt the IETN ana TN’T ar< disolvt.u i?- 

Ac‘^.ion‘ 1 , nix'd, added to water and tiien precipif^.tvd out,as . mixturt. 

4. fxplosiv'i oror'^rties: 

a. P«.‘ntol ito is V' ry jr-nsitive. It has a riror' I si oi )" 
compared with 14" for TNI*. U will detonate 52% of tht* tir.i fren tru. 
inpact of a bill t and from a t mpor.turi:s of lY.:'’--, 

b. It is about strcn-;»T than T-T. 



c. It detonates r-t 7^00 neters p',r sec. 


-I'C*. 





<iiu ’:C bl ’ 

figure of ' 53 * 

B. Pcntolite is used by all the warring nations, principly as a 
bursting charge. Specific uses are: 

1. United States - Eurstirg Charge in snail caliber Shells 

(e.g. 20 mm), Hollow hose **Mnunition of all 
typos (e.g. A.T. Rifle Grenada ano Ej.iooKa), 
Rockets ana Shaped Demolition Ch'-r;.es. : 
some ammunition (e.g. BazooK?) an auxilli ry 
booster or booster surround of ^Kl/10 T-F \,'\1 
is used. This is si'’>'Iy a slightly df3..n- 
sitizod PETN. 

2. Britain - Bursting chartio in H.v,. Bnnes, rr '-1 ’aati-^" 

Bombs, {increases velocity of frv/,nents frc'n 
29C0 to 3200 per sec, connarcl wit!, TM), 
Anti-per scnnol Mines an. 4 - nn 

3 . Italy - Bursting "’nr^e for ban! Vin.s (ov'.i r u) 

•ind Demolition ('harge.'>. 

4. Gr.nany Filh r ii<l^>-iPo.'/Nt iO - r*iT/PK,‘./10c •• x - 

c.hcl If. 

•Hilrr AiT-FPoL'/N’CU*/ ■- - iTIt * v a’ 
plus i'K Alir'inur - >11.-,. 

Filler lO/l.i 10 { pr* .'5* d) 2 . 

wax - .'h 11s 

Filler N4,('tcntol) - Ghdls 
Pentolite plus 10% wax - Demolition r: r' 
^^cntolito-dut-boostcr - 47 mr r.- ila 
•Th‘ A^eninur is not in or’'or"t a in t, . 


nirturt lui -.il- d for u.-'-' roi -rv • 


* at. 






Japan - Bursting cnargc- - 20 and 50 mn Shells 

C. Pentolite is not entirely stable in storage. The TNT acting ac 
a solvent for PETN accelerates the natural tendency of the i ETN to 
decompose. 

Stora.^e at high temperatures may result in separation of the two 
explosives. 

D. Reaction with metals - Same as PETN. 

E. Pentolite is soluble in Acetone. 

F. Pentolite is a very effective explosive and is 49% more ef¬ 
ficient in shaped charges than TNf. Its high sensitivity pr<'cludes its 
use in ammunition which should not detonate from the shock of impact. 

3. PENTAERYTIIORITOLTETPANITRATE - WA* MIXTIIF. 

This explosive, widely used by the Icrr.ans anu Itcliuns, is an 
attempt to desensitise PETN for use in larger quaiititi's. It i. al^n 
known as PETIi-kix and Penthritj Vax, 

A. Properties: 

1. PETNVWax is either rink (>rnan) or fMue lltaliin) du;r to 
the use of dye. Its natural color would he white. 

2. It is press loaded. 

3. it is manufactured from varying p€rc''nta:<s of PETN uid 
Lignite (Montan) Wax. 

4 . Explosive ProD^rtie?: 

a. T)ie sfnsitivity vari-^s with the amount of wax running 
from about tiic same as Tvtryl (A") to about the sa.cr r T'.T {]!"). 

\. .•••- dr-m tp lu '*130 ^ifectc' -■ txt. ■ x veryi fr- ■ 


ibcuf s’ronj-T I e r' Ic.^ 'i j*. . . 

c. The velocity ano brisan'e arc also affected in the .'.ame 
way varj'ing from al-out 7*^00 meters per recond ai\d ^0 aa a ij <ximu!n. 











6 . PETO-tex is used both for a booster and bursting charge depend¬ 
ing on the amount of wax, 

^clfic uses follow: 

1 . Germany: 

Filler #32 - MP 10- PETN/k'ax 90/10 (These are standard Sub- 

{boosters ir; all types of 
amnunition 

Filler #35 -MP 15- PETN/Wax 85/15 

Filler #54 -NP 30- PEXN/bax 70/ 50-Filler for Jnecial /hells. 

Filler #36 -NP 40-PETl!/Nax 60/40 (Fillers for Frictir- 

( 

Filler #38 -NP 65- PETN/Wax 35/65 ("Ulls 

Filler #37 -NP 50- PFTN/Wax 50/50 -Shells. 

The sub-booster in the bomb Saine is usually 92/8 PFTN/Wax. 9//10 
'is used as a core in the S. Mine. 82/18 jnd 87/13 mixt'irc.' are u-ed in 
small Shells. 

It is the standard i^irster for Chemical and Incendiary 3r''tunitio’^(. 

It is used in Hollow Nose Ammunition, Pi.Uol ana rifle Cronatlcs. 

It is the explosive ir DotonatinJ Fuse (nay l-< riix d with I- , 

Lead). 

2. Italy: it is used as a boorUr and bursting ohir,( in c.r tll 
Shells (e.g. 20 mm) and pressed into blocks n- j. Dtnolitinn "n'r: . 

3. Japan: Used as a burster in 13 and 1^ nn Incnuci iry /h'"!’.: 
(white in color, probably user E'-eswax). 

C. Stability - Same a? PETM. 

D. Reaction with Met Us - /am-' as 

E. Solubility - Sane as PETN. Ammunition cont';iriin.‘PFT \/'a >" 'iioul 1 
not be r.tuanod out as the t5t(?am will melt thu wix 1-, ■vjn, jure PF/ . 

P. With the addition of 8-lOX wax thi; oirl-- iv- riuk- ■' a pow. t;-/ 
and sufficiently insensitiv- booster, riu, inci f'li'io)! of v 

however, results in Jeerf as-d offici< ucy.. Wix i- nuta E.vii r r.r, ■. 







Il does not entei into the detonation but it will burn from the 

heat of the explosion robbirife the exnlosive of its Oxygen, decreasing 

the completeness of combustion and reducing the strength and the 

velocity of the explosive. Its use in larje quantities does not 

indicate a utilization of PEW because of its power but rather because. 

of a shortage of raw materials. 

4. MISCEU.ANKUS PEIiTALRYTHRITOLTETRANITRATE KIXTUREo 

There are a number of little used PETN mixtures vdiich were c-vi^' 

dently tried to utilize the power of PETN or necessitated by a shortage 

« 

of raw materials. 

A* This is an experimental demolition ^-xplosive made from 

86/14 PEW/Hinerai Oil. Il appears to be rlightly less eflVctive than 
Composition C but more- stable. Tests arf' now L^'inf conducted !,o 
determine its suitability. 

3. German Filler ^45 Plastic Pentrit: This is used ir II.E. Shells. 
It is probably similar to P'^p-?. 

C. German FilUr 14^ ; NP ^0/H - FETK/RDX fjO/^O nlus 30'« wax. 
This is used in special projectiles, It is similar to lETNVWax 70/ 
30. 

0* Italian Filler IKP ; Ammonium RiIrale/PFTI.'/Wax 75/20/*' — Used 
in shells. This is an Amatol type explosive using desensitizeo PbT\ 
instead of TNT due to a shortage in r.aw materials. It is simiJ. r to 
Amatol 80/20 in ch;ractf.ristics, 

E. Italian Filler for 500 Time Pom s; 6*>/35 PET.N/prntaery- 
thrilolutr-acetalo. Ihis Is a orown, cast explosive as insensitive as 
TNT but 25% 1‘^'ss brisant. Its use indlcatrs a shortsgo of raw mitcri- 
ais. 


P* Jan filler for ?,? MM bull- t s: 1../8*; FE7-./fhis filler 
would havt th*' same oii »r •.''teristics as RDX er in o Sy ihcinselves. 
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ri'HYLENEDINITRAMINE BASED EXPLOSIVES 

1. ETHYLENEDINITKAMINS 
(Cri2)2(NH) (NC-2)2 

Ethylenedinitramine is one of the newer explo;^ive' wl ic! hive cone 
into use during the present war. It is usunlly cillei E-Jni or Haleite. 

A. Properties: 

1. Edna is white in color. 

2. lit., melting point of 174°-179^<' rfc’-'* ' ts cast lo-Jint. 

3. An attractive feature of Edna i' li ? fact ti;at is is 
factured from synthetic row rateriair.. in in.''cdicnls re ithyi 
Alcohol, Chloriiie, Ure.a (from Ammonia and I'lrHor Dioxide) and 'litric 
Acid. 

4. Explosive Properties: 

a. Eana nas a drop t-st of i.t inciics '•nd will d tomte v\ ' 
of the time from th-. imp'.ct of a .HI**. Its flari. ooint i.' Ic9^ to 

1 Q0®C. 

K It is .alo'it 'tOJt sf’o.i.'or Unr .'H. 
c. It detonate"' J'I •'t-rr. viv i. ctno and ):r.s » bri; jh 
figure of 51. 

B. Ecina cannot oc used i-y its*-lf n>h safety as it i.i tno in- 
aensitivt for a boosl<'-r ‘ni tv>o nviti'*- lor . tur.li»i c’^ir.'*. i 
used by the I'nitcu Pt-ur ir iK for" of n’- 'ul. 

C. Fdtn le s'/u’’. in uo»*;g , 

D. It is an acid and in th preset: :f :”r'i.;iur* will r ■ i /if 
all metals, except Alunisur. and ntaini-.ss .1 t j produc n. iti .■ 

salts. 

E. It ir soliilH in Wit'- v Ataior . 


A a*,. 
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F. Edna, because of itc synthetic manufacture, its .:tren'''th and 
its brisance can be evipected to be one of the main explosives in tie 
next war. Its use is limited at present because we are set up to fight 
the war on a TNT basis and Irina mixtures are not enou.ji better than TNT 
to f-hinge over our production. The fact that it cannot be cast loa(‘cd 
is an additional drawback. 

2, fiDNATOL 

Eklnatol is the only form in which Edna is being used at pr^^sont. 

A. Properties: 

1. Bdnatol is a dirty whito-to-buff in color. 

2. It has a melting point of B0‘^-90°C and is cast loaded. 

3 . It Is manufactured from 60% F-dna and 40'5 TNT. The following 
combinations have also been tried exDerimcntalJy: 


EXPLOSIVE 

% EDN'A 

% TNT 

? OTHER INOHEDIENTS 


• •• 


- . 

Ednatol 

60 

40 


Ednatol 

55 

45 


Ednatol 

50 

50 


Ednatol 

60 

40 

1 Aluminum 

APX-^A 

87 

— 

( Vix 
( 8 Aluminum 

Experimental 

55 

?7 

18 Tetryl 

Experimental 

>;»* 

/ _ 

51.^ 

13.5 PEIN 

tdnatoi 

'4 

46 

43 Aluminum 


The density of ^0/40 is l.o2. 

4. Lx’-ilcsive Properti . s: 

j. Ednatol 60/40 is about as sensitive as Picric Acid. It 
h'ts a drop test of 12-1*1" --rd will d^-tor.at about 17’t. to 20? of the 
time from the imnact of a bull t, and at ttmptrUures of 



b. It is etout 19 1 rtrcngfT than i.'T. 
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c. Us detonation r.ste is 7400 neteru ler se* oriu v u.i a 

brisance figure of 48. 

B. It is used by the United States in dO and 260 pound I'r-j'r.en- 
■ifttion bombs as alternative explosive. 

C. e^nato^ is stable in storage. 

D. It will attack metals much the same as Edna but to a less^fr 

degree. 

E. It is partially soluble in water and Alcc^cl and very colubl 
in Acetone. 

P. The addition of TNT reduces the sensitivity to a point >; • rv 
Edna can be used with safety. It also lowers the melting; poir' !'r 
cast loading. Bdnatol gives better frignentation than TNT ar.d is a nooh 
better explosive but it would not pay us to convert TTi pron J^'.ion at 
this tine. 


A comparison of certain cliarartorisLi''s follows: 


EXPLOSIVE 

PEAK ^PF.CUFE 


WATEP ; 

TNT 

100 

I'X^ 

100 

Ednatol 

107 

ilO 

lid 


i-.SCTION’ IV 

ETHYLENEDI AMI NFPf N1 TP ATI SXr LC: I VI. J 

t. ETHYLENEDIAMINEIINITPATE 

There is very little infor;*.tion availnbk 'niKrrriin.' 1‘is ■>> 
plosive. It is a deveIopn..nt of the pr^-soni. war ind u:: d onl,\ Lv * b. 
Germans who called it Diarain. It is ueuallv abhrcviatid to kf). 

A. Propertie 

i. EDD is a white explosivi and is found pr r..- a i*;- t' 

« 

its hi?h nelting point of 

id^.. 








2. It is menu facta red from the synthetic raw materials: F-thyl 
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Alcohol, Ammonia and Nitric Acid. 

5 . Explosive Properties: 

There is little information re^'irdin^ the properties of 
this explosive and that little varies widely, 

a. The sensitivity is given as 2C% less than Picric Acid and 
50f less than TNT which would put the drop test somewhere between 15" 
and 21". It should be safe to assume that it will not deto’^ate from 
the Impact of a bullet. It decomposes at 270®C. 

b. Its strength is about 1.4% to 28% greater than TNT. 

c. No velocity or brisance fifurrs are available except the 
statement that it is of low brisance. 

P. It is used by the Germans by itself and in mixtures. Gpe<"ific 
uses are: 

Filler i>83 - Cast ip H. E. mixtures. 

Filler #86 - Pressed with an RDX/Wax booster - A.P. Shells and 
10 cm and 7.5 cm Shells. 

C. EDD is hygroscopic and unstable. 

D. Reaction with metals - No Information. 

E. Solubility - EDD is soluble in water. 

F. From tho information available this does not appear to he a 
very attractive '.xplosivt- -'nd is probably used by th-* Germans because 
it doesn't require any strategic raw materials. 

?. ETdYLENFDIAilINFOlMITF ATF: - Am>NIDM NITR'TE MIXTURES 

A. Properties: 

1. These mixtures would normally be wi.ite hut may be r-ruv la 
brown dependin' on tn* Ainr.oniun Nitrate. 

Thf-y have a r--lf.in,‘ p-'int of 102.‘ to lOcOC which rermits c'^si 
lo'enn.';. 


140 . 














• V 



2. There are two mixtures reported: 

55/45 Ammonium Nitrate/El'P 

53*'"/45/1.5 /toioniuro Nitrate/SDD/Aluminum 

The combination of Ammonium Nitrate and lDD forno an eutectic 
lowering the melting point for cast loading. 

3 . Explosive Properties: 

a. The sensitivity figures for these mixt* r-'s ire not 
available but they should be similar to EDD. They decompoGO ot 278^C. 

b. The strength is reported as 26% treater than TNT. 

c. Velocity and brisance would be less than that of i’ri.. 

B. The mixtures are used only by the (Germans: 

Filler #20 - EDD/NH 4 MLy Ai 15'b3.b/1.5 - Uce not stated 

Filler H4 - EDD/N^NO^ vsells 

German markings desipnat-ing EDD are a oink container with a bl’> 
stripe. 

C. These fillings would be extremely hygroscunic and unstai!■ . 

D. The reaction with metals would approximate that of /tmatsl. 

E» They are soluble in water. 

F. The mixtures are probably used to lower the ■:», Itin,' ncn t of 
EDD for cast loading. 

SECTIuN V 

MISCELLANEO'IS ALLFhATlC IJITt ATKG 
1. NITROSTABCH EXPI.OSIVE 

Nitrostarch is nitrated corn starch used to nen'itiz: co'Vu ;li' 
and oxidizing agents in much the same mann< r that Nitro, lyo, r i*. Ig 

used In dynamite. 

It has always been considered a res'^rv*-- cxploFive due* to i'.s 1 sck 
of stability and its dusty and inflammable nature. 
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ihe Army has used an explosive called Trojar4 Explosive as a 
reserve demolition agent. Its properties follow: 

A. Properties: 

1. It is gray in color. 

2. It is pressed into half pound and pound blocks at a density 

of Li, 

3 . It is manufactured from introstarch/oodium Nitrate/Dariura 
Nitrate/Oil/Stabilizer. IDPA or Calcium Carbonate) 40/37.7/20/0.8/1.5) 

4. Explosive Properties: 

a. Trojan Explosive is rather sensitive to shock, friction 
and heat. It has a drop test of 8" and will detonate from the impact 
jf a bullet 90% of the time. It is very dusty and inflammable igniting 
at 195°0 and burning with explosive violence. 

Care should be taken in using it because, uncer field conditions, 
it is difficult to disassociate shock and friction and it can ignite 
from friction. 

b. Trojan Explosive is 96% as strong as TN'T. 

c. It detonates at 6 IOO meters per second and has a Prisance 
figure of 37.7. 

C. It is unstable in storage, being hygroscopic. This will very 
often make it extremely insensitive and cause misfires. On t)ie other 
hand it decomposes at elevated temperatures in the presence of moisture 
{50°C for 354 days). This has been known to caus^ snontaneous drito- 
n aliens. 

D. It corrodes Iron and Copper. 

E. It is solulle in Acetone. 

P, The advantage of Trojan Explosive, as a demolition agent, lies 
in the fact that Mitroglyoerine rynamiti- of the came velocity is over, 
more sensitive. 








Its disadvanttgM are obvious. 

It is no longer being manufactured for the Government but excess 
stocks are being utilized for training purposes. 

It is not used by any other co'intry. 

2. GUNCOTTON 

A. Properties: 

1. This is a white explosive. 

2. It is pressed into a one-pound demolition block at a density 

3. It consists of uncolloided Nitrocellulose/Moisture 07/15* 

4. Explosive Properties: 

a. It Is abont as sensitive as TNT. (Dry, it would be- auout 
as sensitive as PCIN). It ignites at 19^°-200°C. 

b. Its strength is about 98'J of TNT. (It is lo ' stronger 

than TNT when dry). 

c. It detonates at 5*^00 meters per second and has a bric'sncp 

of 32. (7300 and 46 dry). 

B. It is used by the British as a standard demolition a^v.-nt. 

C. It is hygroscopic and unstable much the same as uingl*- ’^aae 
Powders, 30' moisture will prevent detonation. 

D. It has no reaction wiUi motals. 

S. It is soluble in Acetone. 

F. In the wet form, thi? is an inferior exolori.-t . hi i:, cry 
form, it is too sensitive for front line work. It is ilffit-.H to 
understand its use unless it is save TNT. 

3. NITROJ.^ANILIh'K 

02NNKC(::h)NH2 

This explosive has been consid'-red for Armrr-i’i.-rcirft'' At,'" .r i t,i* ■■ 
because it is made synthetically and is inunsitiv'. 







JU Properties: 


1. Ctolor - Yellow. 

2. Fora - Pressed - Mellin| point 230°C. 

3 . Hanufacture - Urea a:ia AiMnonia Nitrate. 

4 . Fxplosive Properties; 

a. Sensitivity - Equal to or slightly less than TNT. 

b. Strength - About 829 of W. 

c. Velocity and brlsance - It detonates at about 7000 meters 
per second but due to the lack of volume its brisance is low 
(about 30 )• 

B. It has a cool teripsrature of explosion and is used to cool 
snokeless txjwder thus ruauciniJ flash. 

It is used by the Germans in the notje of tbeir 1800 Kg. A.P. bomb 
to protect the filling of Trialen 109 (see) from the shock of impact. 

It is also used by the Italians in two Amatol type fillings called 
Albite and llmbrite. 

C. Nitrofuanidine is unstable. 

D. It has no reaction with metals. 

E. It is sf^lublc in Acetone and slightly soliale in water. 

F. Nitrc;:uanidine is an inferior explosive and is used due to a 


shortage of TNT. 
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MISCELLANEOUS EXPLOSIVES 
SECTION I 
DYNAMITES 

Dynamites have been the chief commercial blasting explosive for 
years. They have little Military application, except for dv'moJ.ition 
purposes, because of their sensitivity. 

A. Properties: 

1. Dynamites are usually brownish in color. 

2. In form they may be either a powder or a plastic putty-like 

material. 

3 . The '.wo types in general military use are ^5. Nitroglycerine 
Dynamite and Geli-jnites. The dynamite is manufactured by sensitizing 
Sodium Nitrate and wood meal with .W nitroglycerine. The Gelignites 
are the same except for the addition of 2 to 7% Collodion Cotton to 
form a gelatin with the Nitroglycerine. 

4. Explosive Properties; 

a. These explosives are all very sensitive to shock, friction 
and heat and will definitely detonate from the impact of a bullet 
unless they are desensitized by addition of inert natcrials which in 
turn would reduce explosive power. l*hen frozen they become extremely 
sensitive due to segregation of the Nitroglycerine. For the sans 
reason they are less efficient and may give a low order detonation. 

b. They are approximately equal to TNT in strength. 

c. In velocity and brisance they are inferior to TUT, having 
a- rate of oetonation of about 6 OOO meters per second and a brisance 
figure of about 35* 
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B. fhe United Slates Engineers use dynamite for demolitions in 
. (&ia country. The British use Gelignites under the names of Hobel':'> 
8P5t808.823t8^1 and Saxonite in Anti-Tank mines, in the Stickc-y Grena.lv 
and for Demolitions. Italy and Germany are reported as using Gelignites 
for a variety of purposes particularly Grenades. 

Ci These explosives are considered unstable due to the hyrrosco- 
picity of certain ingredients and the tendency of Nitroglycerine to 
segregate after .prolonged storage. If the bottom of the contai: er is 
■dist, great care must be exercised until it has been determinod 
whether the Nitroglycerine has leaked. 

D. Nitroglycerine may be neutralized by a Sodium Sulphite- .x 
.locixl * solution. It is soluble in Acetone and Alcohol and can be 
destroyed by boiling, in Alcohol or Sodium or Potassium 

Nitroglycerine Dynamites may also be destroyed by burning but 
proper safeguards must be taken as the explosive can deton<'te. 

E, Dynamites are used for military purposes primarily for their 
economy. Also they do not require a booster and are very sensitive- to 
detonation by propogation. Their main disadvantages are their sonsi- 
.tivlty and lack of stability. 

The British use one found of Gelignite to detonate bombs up tu 
250 Kg. and five pounds for bombs over 250 Kg. 

SECTION II 

CHWRATE AND PEPCHLORATE EXPLOSIVI!?, 

There have been a number of these explosives us^.d on a small il.- 
in this war. The chief thing to remember about them is that they an 
all very sensitive, the Chlorates being somewhat more so than the 
Perchlorates. 

'^1. JAPANESE TYPE 88 EXPLOSIVE 

This explosive is also called Haensosanlakuyaku. 




A. Properties: 

1. Color - Gray. 

2. Porn - Pressed. 

3 . Manufacture - Anmoniun Perchlorate/Ferro Silicon'Vood Meal/ 
Crude Petroleum 75'l^/6/3* 

4. Explosive Properties: 

a. It has a drop test of about 7" - 8". 

b. It is about 70% stronger than TNT. 

c. It detonates at 4200 meters per second and has a brisa^ce 
figure of about 30 . 

"B. It is used by the Japs in Mines. Iliey also have a variation of 
this explosive, used inahigh explosive Anti-aircraft Missile, consist¬ 
ing of Potassium Perchloratc/Sulphur/Aluminum/Antimony ..uifide *''^..7/ 
16 . 7 / 14 . 6 / 13 . It has much the SfUne characteristics as Tyi'O 88. 

C. Type 88 Explosive is hygroscopic and unstable. 

D. I will react with metals much the same as Ammonium Nitrate. 

E. It is soluble in water, Alcohol and Aceton'*. 

P. It is a cheap, strong, underwater cxploive but would seem to 
be too sensitive for the use to which it is put. Also, il is 
in brisancc. 

2. ITALIAN CHEDDITE3 

In the past there have been a pumber of diffrrent Ciilornt.- op 
Perchlorate explosives called Cheddites. Xhty urually f.onsistfd of 
combustibles sensitized bv Potassium, 3odium or Arimonium Chloral-.* ur 
Perchlorate, and bound tog'‘thor with vaseline or [>ar''ffin. 

Their two common characteristics were thi.ir ronri tivi ly aid 1 1 k 
of stability. 

The Italians have used those in Land Min*s in this war und-r th. 
names of Romite and Cheddite. Th-*y will usually oe brownioh or cr.!\ish 




plastic explosives. They are definitely inferior to aynaniilo in 
explosive characteristics. 

SECTION III 

. ' LIQUID EXPLOSIVES 

Periodically, during this war, there have been reports of a new 
super-explosive many times more powerful than the standard explosives. 
Such reports should be taken with at least one grain of salt. 

Fundamentally, explosives react by changing from a solid to a gas, 
many times the original volume. This gas is formed by oxidizing Carbon 
and Hydrogen to Carbon Dioxide and Steam. Maximum expansion takes 
place when this oxidation is complete, as in Nitroglycerine which is 
60f stronger than TNT. It would seen impossible to boat this figure by 
■ore than a few percent unless we begin to utilize atomic energy. 

Thd following is a list of proposed explosives comparing them to 


Picric Acid in strength and sensitivity: 



EXPLOSIVE 

STRENG'Di 

SENSITiyj'IT 


PA = 100 

PA I 100 

Picric Acid 

100 

100 

Methyl Nitrate 

174 

29 

Ethyl Nitrate 

128 

— 

Ethylene Glycol Dinitrate 

170 

15 plus 

Diethylene " " 

130 

127 

Nitroglycerine 

160 

13 

Chlorhydrlndlnitrate 

12') 

120 plus 

Nitronethane 

127 

100 

Anllite (Nitrogen Peroxide/Butane) 

I6l 

Sensitive 

Dithekite (Nitric Acid/Nitrobenzene/ 
Water) 

110 

100 

Liquid Oxygen/Lampblack 

100 

60 





The following objections apply to .this ly e of t'>’piosive.' 

1. host of then! are too sensitive lor niiii v*ry u. f t 

2. Some, such as Anilite, have to have thsir coapontnts in scoarct<, 
compartments with the mixing taking pl''ce just bofor; ;etori‘:or. 

3 . Some, such as Liquid Uxyge-n and Solid Acetylene, ''ivc to be 
uj.ed immediately after manufacture otherwise th'=v tvaoor . ;nd lore 
strength. If sealed in a container the evaporation would tend to burst 
the container endangering the plane. 

4. While some are stronger than standard explosives, this aor'nta'e 
is lost due to low density. 

Therefore, it is safe to assume that since livii' Bvrlosives 
present too many problems and too few, if any, .aavant-ig-fs, they will 
not be used unless it be to rircumvent r.ateri'l -hort ig'.c and if tn y 
are used, there is nothing to be excitfd abcu*. 







CnA^TFR 9 

TOXICITY OF EXIWIVE3 

Practically all explosives are more or loss toxic. Tisis is 
particularly true of the Aromatic lUtrocanpoiinas. In acdition to i/.nng 
toxic most of these will also stain the skin yellow. 

The toxic effect is usually produced, at least as for as D. 
Personnel are concerned, by absorption throufih thv por^s of sKin. 

The degree of toxicity, to any indivioual, will jcper.c! on the 
degree of allergy of that individual and his Jen'th of oj'rponure to any 
particilar explosive. * 

This fact, together with the wide use of rixturc's in this war, 
should cause everyone to take all due precautions in handling c'/"l •'slvcs 
unless they are absolutely sure what expiorive thijy ^r. ud 

its effect on them personnally. 

The following is a list rf explosives, which ai-c Kr.r.yn to be 
toxic, and their effects on personnel: 

1. Lead Azide and Nitroglyc^,V-inc will relax ti.o arieri*.-,. .ne 
heart beat is stepped up tc comDPns'‘te for this, r.sultin; in s vc-r- 
headaches. This effect is not dangerous or ncrnaiont out it 
distress to the point of incapacitating. 

2. Mercury Ful’ninato -nay cause ini'rcti*n fr'v'n contact witi cut:;. 

5 . TNT is extremely toxic and nay cause: 

(a) Dermatitis or skin irritation. 

(b) Irritation of iho aliT.entary tract. 

(c) Cy'jnosis or the r“ducti<^ii of UiO t'xy,;<,ii oarrvin' / of 

the blooa. 

(d) A form af Jaundice. 











^'Mtm 



~‘^""^-^ -'n n r -' T ii ‘ff^ T~Ti r tninft~B ii- j tf i fm 


JQBL 


(el Aplastic amemia or the destruction of the mhrrov of the 


bon«B. 


(fI Staining of the skin and nair. 

All these effects are c«ised by -bsorolion through the SKin which 
is Made easier by heat and humidity. Symp^tons are breathle'inness, 
hoadadies, dizziness, dullness, weakness, constipation, vomiting, a 
livid face and blue finger tips. The urine is light crown to red to 
coffe? colored. 

4. TNT exudate is more toxic than TNT itself. 

Composition C2 and C3 have the same effect as T%’T. 

. 6. Dlnitrotoluene has much the sane effect as TNT. 

7. Dritrobenzene has an effect similar to th it of T\*T tut is also 
absorbed thru the lungs and digestive tract v’.d may sfi'eii thv vision, 
the heart action and nerve reflexer. 

8. Dinitrochlorobcnzyne and Trinilrocnlcre^ r c-'.'m; are nore toxic 
than Dinitrobanzene. 

Phosgene nay be produced from low order dr tonalioa. 

9« Dintrophcnol is about the sane as I’M. 

10. Picric Acid has the c-ane tendencies as r.’i 'ui ir. -i as 
severi’ly toxic. 

11. Tetryl has the sane toxic eff c‘.s >s 11.? hjt is r.or- r.* v i’ i; 
toxic especially to the skip. It cause a uerratnis or ilnr . '.Irn 
Ivy. It can be absorbed by inh'ill’^tlon. 


12. HMD causes sevr^ru blirfrrr- rr-somblir! jr>s i' * -pi t, i.- 
injurious to ili( nucuous nen’rran r of th*. no'.th, nni.,r srd ! ; in 
addition to i's otner effects similar to tiior.' cf Thi'. 

13. iTinitroanisole is similar to Picric Ai-id in ,>ri. ral ' vi-i'y 
but is more severely toxic to the skin. 

In order to prfvonl ‘-xplociv poisonin'; th<^ f./’lrwin-' or* can? 


l-.V. 










shoulcl be taken: 

1. Do not expose the skin^to explosives. Weii ^lov''-s under -i 
C04liUtl(S)s and When working with explosives ever i penori oi tin.'’, keep 
the arnSi legs ■wd torso covered. When steaninp out o bomb wear boots. 

' 2* Keep the person and clothes clean at all times. Wash the 
hands thoroughly after handling explosives and do net permit ciotses to 
hecoae sathrated. They should be washed before reuse. 

When handling explosives over a period of time the nands should be 
wa^ed at frequent intervals to prevent absorption U.rou>-h th* porcr. 
The hands should always be washed before touching the face, rubbing 
eyes, eating or'using the latrine. 

A solution of one teaspoonful of Sodium i-icarboratc t r ’■I'^t of 
warm water Is effective in combating acidity. 

A special soap, consisting of 2V2?)/’'50 friethanc-Urr,ir,.,/Indu i rial 
Ethanol/Connercial Liquid will disolve the Aromatic omnounds ard 

give off a violet color as long as they remain or. ti e kin. 

After washing the following cream may be appli It rias <t 
found effective in preventing irritation: 


INGREDIENTS 

\r. 

Water 

7^) C.z. 

Borax 

trr;' 

Sodium Carbonate 

d ;r:<ms 

Glycerine 

7y C.C. 

Stearic Acid 

HO ”rans 

Gum Trngacanth 

4 OrTT 3 

Sodium Perborate 

I'li) .h-iT'.: 

Oil of Lavender 

4 ''rors 







This mixture will make 1 Kg. of cream. Ihr chiruvtls ’U-.d ar_ ih - 
U.S.P. grade. To prepare, place the witer, borax, Sodium Carbon- te and 
Glycerine in an enamel dish on a hot wat‘C bith and stir. When all th. 
solids have disoived and the solution is hot, aid oUaric Acid and stir 
occasionally. When the Stearic Acid has all reacted and the ’'ixture is 
free from lumps, add the Gum Tragacanth and Oil of Lavt'na^r * nd stir 
vigorously with a large spatula. Allow the mixture to cool with 
continuous, or nearly continuous, stirring until cold, men odd Sodiun 
Perborate and continue stirring until a uniform non-i.ritty mixtur- is 
obtained. Do not add the Perborate while the cream is still warm. 

The cream should be used as fresh as possible, but can be stored 
for a limited period in a refrigerator. 

5. As a final precaution, Medical attention r mi Uv obtained 
whenever any skin irritation or discoloration is noi.iC'>a. 







CHAPTER 10 


' FIELD TESTING OF EXrlOGIVES 

la tha field iX is often ecessary to identify the various ex- 
^osive ooof)onents of anounition before inerting the annunition. It is 
poasible to do this by an application of the individual's knowledge o 

Uio folloving diaracteristics. 


r 

I 


1. Color - It will be noticed that nany explosives are various 
shades of yellow so that color observation is not reliallt. .- jver, 
after practice, it is possible to become familiar with the appearance 
of explosives and, if positive identification is not alv’ays possible, 
at least color observation can be used to eliminate possibilities anc 
narrow the range down to a few explosives. 

2. 'Use of the Explosive - If the functional -icd ’l-iij 'r ;’ ur of 
the explosive are considered, in conjunction with the c-'^ior, t.'e rant;e 
can be narrowed down even mere and the identity of thv exolosive 
established at least within the range of s nsitivitics. For :xampln, 
if a white explosive is used by the Japs as a booster, tnc natural 
conclusion would be that the explosive is PLn. or F^X. FTlh*-r identi¬ 


fication is not necessary, from a safety standpoint, if Iht, ‘.xnlosive 
is assumed to be PETN and treated accordingly. 

3 , Melting Points - If it wore desirable to poritiv.-ly io-'niify 
the explosive this could be done by determiring the meltir.,-' point. 

In order to carry out this test, oowdor a v-. ry snail quan* v. of 
the explosive and put it into a test tu;.-* or n P'-ason'bic f forih 
thereof. A thermometer is clomped to the lube . 0 that th- i ■ «. "if 
the tube and the base of the thermcm»»ter arc on tic.* "-a'a; plan* .and .o’n 
are inserted into a bat*' of li.'*ht oil which i' mridly. . 


melting point of the oxf'losive is obser.n-d and liken -as tno arproj.. ii, 







After the oil cools and the explosive solidifies, the bath ir 
igain heated to within ^ of the ran.'^.e. Heating it' 3 looped » d Uien 
rewsed slowly, raising the temperature 10° per minute until the 
explosive begins to melt. 

Heating is stopped. If melting is completed without raising the 
taiperature, the explosive is pure and notamixture and tht t^iiip'^raiure 
can be considered as the melting point. 

If the explosive does not melt comolelely, raise the tcmperatur*: 

« 

1° at a time and repeat until the explosive dotrs melt. If ''eat is 
added more than three times, the explosive is a mixture. 

The temperatures at which the explosive begins to molt ani at 
which melting is completed, are recorded as the mfIting range of the 
explosive. In this way the components of mixtures can le identified. 

‘ This test is not used for Primary {ixplosives. 

4. Sensitivity - In order to determine the sensitivity of an 
unknown explosive, to ascertain how carefully it must he tr.ated, i . 
following tests can be conducted. 

a. Powder a vi-ry small quantity of the explosive, placf it on 
a hard surface and hit it a light blow with a hammer. If i t d. toi.aUs 
it can be considered in the Primary Kxplosive range and slmuld bn. 
treated accordingly. 

b. Powder a small quantity of oxplo.sivo and place tlo . i;d of a 
length of safety fuse in the explosive. Pnitc tho fuse and move to a 
safe distance. If the explosive detonates, from the spit of flame fr >tn 
the safety fuse, it should be considered a iTimnry bxrlcr.ive. 

These t'-sts should only be conducted with a vi-ry rmUl rir.rh of 
explosive and the explosive should not bf confined in such a wav th-t 
fragmentation of the container can result. 


If .1. 
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CHAPTSR 11 


COMPARATIVE BOMB HIGii i'TLCniVC TRAIN; 

In a preceding part of this pamphlet wo disf'i-; ,iv’ the orincLple cf 
the Expletive Train. This section will discuss the application of that 
principle and compare characteristic Bomb High Explosive Trains of the 

several warring nations. 

SECTIOh I 

COMPONENTS OF A TYPICAL TRAl': 

t 

1. The Primer - There are three types of Primers in general use: 

a. The Percussion Primer which consists of a sensitive com¬ 
position detonated by a blunt firing pin which pinches the primer 
between the firing pin and an anvil. This type is generally used to 
ignite deliqra. 

b. The Stab Action Primer or Friction 'rimer wlich erneijt of a 
sensitive composition designed to detonate from the stab action of a 
needle pointed firing pin. This type is used for both instai lanecns 

and delay action. 

c. The Ignition Primer - A sensitive composition di.si.ju' * lo 
ignite from a hot wire. This type is used princioally by O rminy. 

2. The Delay consists of a slow burning composition, usually PJick 
Powder, designed to interrupt the detonation and porrit the bomb t*^ 

pemtrate. 

3 . The pQlay is usually a flash Pellet of dlack Pewder d‘'si.;r.od to 
pick up and intensify the flane, from tht ■'.elay or primer, wnicli his 
lost its intensity due to distance of travel. Ihe delay anu r* li.v ir. 
not used in Instantaneous fuzes but the r-. lay is usually fnc'un'i r : 
where there is a choice between instantaneous and short delay. 

















4. The Detonator is a pellet of highly sensitive material which 
will readily detonate from flame with sufficient violence to detonate 
the booster, its length is more important iiicr, its diameter as it must 
attain a minimum velocity of detonation, lor eximple, in a number six 
Blasting Cao 5-1/2 grains of Mercury Fulninat'- are used to ;.etonate 
Tetryl while in a fuze 19 grains are used witn no mi.re -ffici ..sy. Ihe 
height of the charge is the same in both cases but the aii./ ter is 
different. 

5. The booster is intermediate in sensitivi ly. It will readily 

detonate from the action of the detonator and leveloD enough cuer,\. to 
detonate any of our bursting charges. The boost'.r is always us* 1, •^vr n 
when the detonator will detonate the bursting *o eliminate 

large quantities of very sensitive explosive, "•u'e !:,n ‘.h: r.ti.'ht of 

the charge is the controlling factor and in actu d pr'^c<ic‘, it is usual 
to have a sub-booster and nnoster to be sun: that t.ao booster will ’.ave 
enough length to attain a maximum velocity of detonation. 

The booster is more effective at the end of the aeloriaior due ‘ ' 
the directional force of the d.-tonation. Fight grains of ox'^lo'-i v'c at 
the end of the detonator is as effective as thirty grjiina plar- u in a 
ring around the detonator. 

It is not necessary to increase the size cf fhe the 

size of the bomb increases, as a ceri lin ninia"m amrunl of so-si n i^ 
necessary for each explosive. In a'^tual practice, hcwi/.-.r, an ■xo.ns 
amount of booster is used in case th# ''xnlosive has d*. t^ ri jr I;, 

many cases an auxiliary booster is used to insur a ru.h irnr of 
detonation for very insensitive explosives or la i . is. .r c 

the bomb Irf.-aks up on impact. 






SECTION II 

UNITED STATES BOMB HIS! EXPLOSIVE TPAIK. 

* The United States uses Hechanical iTjpaci Fu:;:es depenairg on the 
action of the Firing Pin to initiate the action of the train. 

1. The Percussion type Priner, designed to produce a raa>.,r<ur 
flame, is a Mercury Fulminate composition consistin.j of “ercury ful¬ 
minate, Potassium Chlorate, Antimony Sulfide and frequently arrasive 
such as ground glass or Carborundum. This is designed for delij aciicn 
fuzes and is used with a blunt firing pin. 

For instantaneou/ action a Lead Azide I'riMer Conposi tion, sensi¬ 
tized with Lead Styphnate, is used with a needle tyre Firing Pin. 

2. The delay element is Black Powder and is ignited by the flame 
from the Percussion Primer. In Dive Bombing, a P-ariun Cnrcinat" aelay 
is used. 

3.Since the Detonator is enelosod in an AIuf: ,ium cs.sc anc "'•’ly nc t 
be in close contact with "he delay, Relay is necessary to irtonr-ify 
the flame from the DeLay^ or from the Primer if the Delay is by-na.scd. 
This consists of a cup of Lead Azide covered witn an onion skin. Ihir 
ignites from the flame of the Primer or Delay and detona'''s wi»h 
sufficient power to detonate the enclosed Detonator. 

4. The Detonator is in two parts, an upper 'tr<; lower [ to- -.‘or. 
The Upper Detonator is Load Azide sensitized by Lend ftynbi-lo and . 
Lower Detonator (sub-booster) is Tetryl. The Relay detorntes tnc hfi-r 
Detonator and the action is Intensified by' the Lower Ici^nalor wKi h 
will in turn detonate the Booster. 

For Instantaneous Fuzes th.c iTincr and ilrner md Low> v I 


are enclosed in a Primer Detonator. 








5., The Tetryl Booster is simply a larger ainount of Tetryl used t<; 
provide a nargin of safety in operations. In effect it oemi-ts "itlain- 
■ent of ■axima velocity by lengthening the explosive column. 

6. The Bursting Charge may be one of the following: TNI, Anatol, 
Explosive D, poaposition B, D3X, Torpex, or Ednatol. 

SECTION III 

THE BRITISH BC>MB HIGH EXPLOSIVE TRAIN 

British Fuzes operate on the same principle as curs so their 
Explosive Train is the same in principle. 

1. The Primer may be Lead Azide or Mercury Fulminate Composition. 

■ 2. The Delay is made of Safety Fuse. 

3 . The Relay is Black Powder since the Detonator is in direct 
conatet with the Relay. 

4. The Detonator is either Lead Azide, sensitized with Lead 
Styphnate, or 80/20 Mercury Pulminate/Potassium Chloral . 

All the above components are enclosed in x tube, similar to a 
Blasting Cap, which the British call their D‘'tonator, For inata'itaru-o’is 
action, the Delay and Relay may be eliminated. Tlic tuU ir ins--'ri'1 in 
the Booster. 

The Boostei", which the British call their Exnluiitr, co.’-i. ts of 
Tetryl or a combination of Tetryl and Pr> ssed TNT. 

6. The Rurstin,' Charge may Ip one of tne following: Tht, Amatol, 

Minol n, Baratol Cyclotol, DBX, Amatox, Fentolitc, Torprx, Ohtllite or 

Tritonal. ^ 

/ 

SECTION IV 

THE ITALIAN BOMB hh'M [^PLOSIVE TRAIN 

This train functions on the same goneral principle as of. r . 


Slight variatioiiF are preset,I 1" caus*' tlie hoick rs for t. 







/ 

■i 



‘ components are open at either end. 

1 . The Primer is Mercury Fulminate comoosiLion. 

2. The Delay is 31ack Povder. 

5* The Relay is also Black Powder as there is a flash crnnnel 
into the Detonator. 

4. The Detonator is Lead Azide sensitised witii Le-id "tv’-hnsl--. 

5* The Sub-booster is RDX. 

6 . The main booster is Pressed TNT. This is cvid^-ntly ustu dn*. to 
the expense of Tetryl but it is difficult to und'Tstand wny a desensi¬ 
tized RDX booster is not used as it would be much .ore efficient t‘et 


TNT. 

7. The Burstinj^ Charge is generally TNT, Amatol, /mr.onal or 


Pyclolol. 


SECTIO.N V 

y THE JAPAfiESE BOMB i-lGH h/PLC.ilV-, iH.iIN 

This train is very similar tn the Italian in that most of t*^ 
metal holders are open at both ends. 

1 . The Primer is always Mercury Fulninat'' Camro.sitr-n citt t 
abrasive. The Firing Pin is generally the n^ci). typ . 

2. The Delay is fUack Powder. 

3 . The Relay is also black Powder, the d' tcnat-ir hoin. in an on r- 

container. 

4. The Detonator is generally Load Aside, t-ports hfwo indicat- 1 
use of Mercury Fulminate in Army Pomhs but thin has no* p- cn cun! 1 



5. The Suh-Door.tcr is usually T(tryl. 

I 

6. The Booster is generally pressed I’ioric Ada although it -ay :i: 
RDX in smaller bombs. This is '.vid-ntly an <000007 m'arur a.' fi'u-- 
Acid is not as effective as T<tryl. 


1 
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7 . The Japs Trequentiy use ar. Auxiliary Booster of Pressed Type 9b 
Explosive in the tail of their larger bo’nbs. 

8. The Bursting Charge may be one of the fjliowin;: 

Pressed or Cast Picric Acid, frinitroanisole, Type 9b Explosive, 
Cyclotoi or ttie TfJT/Picric Acid Mixture. 

SECTION VI 

Ti:S GERMAN BOMB HIGH S.XPLOSIVE TRAIN' 

The G-srman Train is somewhat different than the others in that tiic 
German Fuzes are electrical and oepend on ignition, from a hot bri'’'‘e 
wircj to initiate the train. 

1. The Primer consists of a silver Bridge Wire on which is be‘?!d'=‘!i 
a paste of Lead Styphnato, Collodiom Cotton and Amyl Ac ■tat'^*. This is 
ignited when the bridge wire becomes red lot. Tin; • ly'hrate 
mixture has a surround of 80/P0 Potassium N'iirate .'.no Ci-arcodl to 
increase the flame, 

2. The Delays vary. For Delays un to on,:- socood Mc-c;? is 

used. For Delays of five tc fourteen seconds a rv?lav of Ihc fo’lovrr 
type is used: 

a. An Ignition Mixture of: 

h% ;.i treed luiose 
7^1 Red L-.aa 
20% Carlorundum 

b. Delay of: 

10% Fctassiuin Perchlorate 

a 

‘)CP Lead epro 
4C% Antimony 


l-'V. 
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n. T'.t 3':i~Loo5ter is "i Iiv'.r of Pr'T'l over PfTI-i Wax. both of 
tr,-r-_ cor.p>nentf ^.re containvd in acrp cali‘'-d a Gaine- which corresponds 
to our j- tonalor. 

‘. The iainc is .'urrouno-.d by a pr'SS' j Picric Acid Ring with the 
r rninder of lh^' /cze Pocket filled with pressed Picric Acio Pcllc-ts. 
TL'‘s> O'^t as a Dooste-r. 

Praeli'^ally all Grrman Ponls havr an auxiliary booster of 
Pr-sstd T'T i-'ll'ts v;hich 'iv's a r.ar’in safety in operation and 
per"its th. us>- of low grad* explcsivrs. 

Trif fol Pawing rursting charges .'nay he used: TNT, TNT Wax, 
/"atcl, Anonal, Cyclotol, ••►.xaf.it or Torr.ox. Tliore are a great n'sny 
r.i rc'1 i an ('IS fxrlo.'iv which n iv be used for snecirl pu'-poses, in 
addition to ihes'-. 




